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Honorable  Edmund  G.  Brown,  Governor, 
and  Members  of  the  Legislature 
Of  the  State  of  California 

Gentlemen: 

I  have  the  honor  to  transmit  herewith  Bulletin 
No,  90  of  the  Department  of  Water  Resources,  entitled 
"Clear  Lake-Cache  Greek  Basin  Investigation',  as  author- 
ized by  Item  257  of  the  Budget  Act  of  195b  and  Item  262 
of  the  Budget  Act  of  1959. 

Bulletin  No,  90  presents  the  Wilson  Valley 
Project  as  a  comprehensive  plan  which  would  develop  the 
water  resources  of  the  Clear  Lake-Cache  Creek  Basin  for 
all  beneficial  uses  and  purposes.   It  recommends  con- 
struction of  the  project  by  local  interests,  with  financial 
assistance  from  the  Federal  Government  and  the  State  of 
California, 

Sincerely  yours. 


4^UC^f 


Director 
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CHAPTER  I.    INTRODUCTION 

The  residents  of  the  Clear  Lake-Cache  Creek  Basin  have 
shown  increasing  concern  in  recent  years  regarding  the  adequacy 
of  presently  developed  water  supplies  and  the  ever-present  threat 
of  damaging  floods.   As  a  result  of  this  concern,  both  Lake  and 
Yolo  Counties  have  independently  entered  into  cooperative  agreements 
with  the  State  for  investigations  of  water  problems  and  formulation 
of  plans  for  their  solution.   Under  terms  of  a  cooperative 
agreement  with  Lake  County,  entered  into  in  19^8,  the  Division  of 
Water  Resources  undertook  a  study  of  Big  Valley  and  Scott  Valley, 
and  the  Upper  Lake  area,  within  the  Clear  Lake  Basin.   Results  of 
this  investigation  were  reported  in  Department  of  Water  Resources 
Bulletin  No,  l4,  "Lake  County  Investigation",  published  in  July, 
1957. 

Under  a  similar  agreement  with  Yolo  County,  entered  into 
in  195^^  the  Division  of  Water  Resources  conducted  a  study  of  the 
possibilities  of  developing  the  waters  of  Cache  Creek  for  use  in 
Yolo  County,   Two  bulletins  on  this  investigation  were  published; 
State  Water  Resources  Board  "interim  Report,  Cache  Creek  Investi- 
gation", in  March,  1955*  and  Department  of  Water  Resources  Bulle- 
tin No,  20,  "Comparison  of  Alternative  Wilson  Valley  and  Guinda 
Projects  on  Cache  Creek",  in  April,  1958,   Following  the  publica- 
tion of  the  first  of  these  bulletins,  the  1956  Legislature  added 
Chapter  2,  Article  2,  Section  I2663  to  the  Water  Code,  which 
section  is  quoted  as  follows: 

"12663.   The  plan  of  improvement  for  flood  control 
and  water  conservation  on  Cache  Creek,  including  Clear 
Lake,  in  Lake  and  Yolo  Counties,  is  hereby  adopted  and 
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authorized  generally  in  accordance  with  the  recommenda- 
tions relating  thereto  contained  in  the  report  dated 
March  4,  1955  (Reports  of  State  Water  Resources  Board), 
at  an  estimated  cost  to  the  State  of  two  million  five 
hundred  thousand  dollars  ($2,500,000)  for  lands, 
easements  and  rights  of  way,  including  all  utility  and 
highway  relocations,  necessary  for  the  construction  of 
said  project.   No  funds  shall  be  expended  on  planning 
or  constructing  a  dam  at  the  Guinda  site  below  Rumsey 
on  Cache  Creek  until  the  Wilson  Valley  area  has  been 
completely  investigated  and  studied  and  determined  by 
the  department  not  to  have  comparable  engineering  and 
economic  feasibility  as  compared  to  the  Guinda  site  as 
recommended  in  said  report," 

Following  the  publication  of  Bulletin  No.  20,  the  1959 

Legislature  amended  Section  12663  to  read  as  follows: 

"12663.   The  plan  of  improvement  for  flood 
control  and  water  conservation  on  Cache  Creek, 
including  Clear  Lake,  in  Lake  and  Yolo  Counties,  is 
hereby  adopted  and  authorized  generally  in  accordance 
with  the  recommendations  relating  thereto  contained  in 
the  interim  report  of  the  Department  of  Water  Resources 
entitled,  "Comparison  of  Alternative  Wilson  Valley  and 
Guinda  Projects  on  Cache  Creek",  dated  April,  1958,  at 
an  estimated  cost  to  the  State  of  such  sum  as  may  be 
appropriated  for  state  cooperation  by  the  Legislature 
upon  the  recommendation  and  advice  of  the  department." 

Authorization  for  Investigation 

The  water  resource  investigations  conducted  under  the 
cited  cooperative  agreements  with  Lake  and  Yolo  Counties  were 
limited  to  studies  of  specific  problems  or  to  studies  of  specific, 
but  limited,  areas  of  the  basin.   There  has  been  a  need,  there- 
fore, for  study  of  the  water  problems  of  the  entire  Clear  Lake- 
Cache  Creek  Basin,  and  the  formulation  of  a  comprehensive  plan 
for  the  integrated  development  of  the  water  resources  of  the 
basin.   The  current  investigation  was  conducted  to  satisfy  this 
need  and  it  was  initiated  in  July,  1958^  under  the  authority 
granted  to  the  department  by  Section  12616  of  the  Water  Code. 
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It  has  been  financed  by  the  State  under  the  California  Water 
Planning  Program,  which  was  funded  during  the  two-year  investi- 
gational period  by  Item  257  of  the  Budget  Act  of  1958  and  by 
Item  262  of  the  Budget  Act  of  1959. 

Objective  and  Scope  of  Investigation 

The  Clear  Lake-Cache  Creek  Basin  Investigation  has  as 
its  objective  the  formulation  of  a  comprehensive  plan  for  de- 
velopment of  the  water  resources  of  the  Clear  Lake-Cache  Creek 
Basin  for  conservation,  flood  control,  recreation,  and  fish  and 
wildlife.   Water  development  facilities  are  needed  in  the  basin 
to  satisfy  the  increasing  demand  for  irrigation,  as  well  as  to 
provide  flood  control  to  the  lands  adjacent  to  Clear  Lake  and  the 
lower  reaches  of  Cache  Creek,   Through  reduction  in  fluctuation 
of  the  water  level  in  Clear  Lake,  considerable  expansion  of 
existing  recreational  facilities  at  the  lake  could  take  place. 

Field  work  and  office  studies  commenced  in  July,  1958, 
and  continued  into  the  fall  of  196O,   Hydrologic  data  were  re- 
viewed and  analyzed  for  the  purpose  of  estimating  the  surface 
and  ground  water  supplies  available  for  development  in  the  Clear 
Lake-Cache  Creek  Basin.   A  review  was  made  of  the  geologic  informa- 
tion obtained  in  1955  and  1956  from  foundation  drilling  operations 
conducted  at  two  sites  for  the  proposed  Wilson  Valley  Dam,   Also, 
a  review  and  compilation  was  made  of  the  reconnaissance  geologic 
studies  that  had  been  conducted  at  the  Kelseyville  Dam  site  on 
Kelsey  Creek,  Pitney  Ridge  Dam  site  on  Middle  Creek,  and  Scotts 
Valley  Dam  site  on  Scott  Creek  in  connection  with  the  Lake  County 
Investigation;  and  at  Excelsior  Dam  site  on  Copsey  Creek,  Indian 
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Valley  Dam  site  on  North  Fork  Cache  Creek,  and  Blue  Ridge  Dam 
on  Cache  Creek  in  connection  with  the  formulation  of  The  Cali- 
fornia Water  Plan. 

Studies  of  the  proposed  Wilson  Valley  Project  were 
designed  to  result  in  a  determination  of  engineering  feasibility, 
economic  justification,  and  financial  feasibility.   Similar 
studies  of  a  more  preliminary  nature  were  made  for  an  alternative 
to  the  Wilson  Valley  Project  with  respect  to  provision  of  supple- 
mental water  in  the  Cache  Creek  area.   This  alternative  involved 
a  combination  of  local  storage  and  a  diversion  from  the  Sacramento 
River.   Studies  of  the  other  projects  described  herein  were 
generally  limited  to  a  review  and  re-analysis  of  existing  data. 

Related  Investigations  and  Reports 

Several  prior  investigations  and  reports  of  the  De- 
partment of  Water  Resources  and  its  predecessor  agency,  the 
Division  of  Water  Resources,  were  reviewed  in  connection  with 
Clear  Lake-Cache  Creek  Investigation,  and  pertinent  data  were 
utilized  where  appropriate.  Those  investigations  of  particular 
pertinence  to  this  bulletin  are  briefly  described  in  the  following 
paragraphs, 

State-Wide  Water  Resources  Investigation 

In  recognition  of  the  growing  statewide  water  problems, 
the  Legislature  by  Chapter  154l,  Statutes  of  19^7,  authorized 
the  State-wide  Water  Resources  Investigation,   This  investigation 
was  conducted  by  the  Division  of  Water  Resources,  under  the 
direction  of  the  State  Water  Resources  Board.   Funds  were 
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appropriated  annually  by  the  Legislature  over  a  10-year  period 
for  the  completion  of  this  Important  program  of  study.   Results 
of  the  investigation  were  published  in  three  bulletins.   State 
Water  Resources  Board  Bulletin  No.  1,  "Water  Resources  of 
California",  published  in  1951*  contains  a  concise  compilation 
of  data  for  the  entire  State  on  precipitation,  unimpaired  stream 
flow,  flood  flows  and  frequencies,  and  quality  of  water.   Bulle- 
tin No,  2,  "Water  Utilization  and  Requirements  of  California", 
published  in  1955*  sets  forth  estimates  of  present  and  forecasts 
of  probable  ultimate  water  requirements  throughout  the  State 
based,  in  general,  on  the  capabilities  of  the  land  to  support 
further  development. 

During  the  latter  portion  of  the  State-wide  Water  Re- 
sources Investigation,  intensive  effort  was  devoted  to  the  equating 
of  California's  water  resources  and  ultimate  water  requirements  in 
the  formulation  of  The  California  Water  Plan  which  was  published 
in  Department  of  Water  Resources  Bulletin  No,  3*  "The  California 
Water  Plan",  May,  1957.   The  California  Water  Plan  is  a  comprehensive 
master  plan  for  the  full  development  of  the  water  resources  of  the 
State  to  meet  present  and  future  needs  for  all  beneficial  purposes 
in  all  parts  of  the  State,  insofar  as  practicable.   The  Legis- 
lature, by  enactment  of  Chapter  2053,  Statutes  of  1959,  adopted 
The  California  Water  Plan  as  a  general  guide  for  the  orderly  and 
coordinated  development  and  utilization  of  the  water  resources  of 
the  State. 

Northeastern  Counties  Investigation 

The  Northeastern  Counties  Investigation,  which  was 
initiated  in  195^,  involved  an  evaluation  of  the  potential 
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development  of  the  natural  resources  and  the  determination  of  the 
ultimate  water  needs  of  the  15  northeastern  counties.  Including 
the  Counties  of  Lake  and  Yolo.   A  preliminary  report  on  the  investi- 
gation was  published  in  December,  1957,  as  Department  of  Water 
Resources  Bulletin  No.  58,  "Northeastern  Counties  Investigation", 
A  final  report  on  the  Investigation  was  published  in  I960, 

Putah  Creek  Cone  Investigation 

The  Putah  Creek  Cone  Investigation  was  initiated  in  1951 
pursuant  to  Chapter  1748,  Statutes  of  1951.   The  investigation 
Involved  a  study  of  surface  and  underground  water  supplies  of  the 
Putah  Creek  Cone  and  adjacent  areas,  in  the  Counties  of  Solano 
and  Yolo,  and  an  evaluation  of  present  and  future  water  re- 
quirements and  possible  sources  of  supplemental  water  supplies. 
Results  of  the  investigation  were  published  in  1955  in  a  Department 
of  Water  Resources  bulletin,  "Putah  Creek  Cone  Investigation".   In- 
asmuch as  the  Putah  Creek  Cone  Investigational  area  extended  north 
of  Putah  Creek,  thus  overlapping  a  portion  of  the  lower  Cache 
Creek  Basin,  data  developed  during  that  investigation  were  utilized 
during  the  current  investigation. 

Prior  Investigations  Within  Clear 
Lake-Cache  Creek  Basin 

As  previously  mentioned.  Cache  Creek  and  the  Clear  Lake 
area  have  been  investigated  by  the  department  and  its  predecessor 
agency  under  terms  of  cooperative  agreements  between  local  inter- 
ests and  the  State,  Results  of  the  Cache  Creek  Investigation, 
involving  a  cooperative  study  of  the  possibilities  for  developing 
the  waters  of  Cache  Creek  for  use  in  Yolo  County,  were  published 
in  two  bulletins,   A  State  Water  Resources  Board  bulletin,  "interim 
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Report  Cache  Creek  Investigation",  published  in  March,  193^,  pre- 
sents information  on  the  possibilities  for  developing  a  reservoir 
at  the  Guinda  site  on  Cache  Creek,   Department  of  Water  Resources 
Bulletin  No.  20,  "Comparison  of  Alternative  Wilson  Valley  and  Guinda 
Projects  on  Cache  Creek",  published  in  April,  1958,  presents  a 
comparison  of  features  and  accomplishments  of  the  alternative 
projects  and  recommends  the  construction  of  Wilson  Valley  Reservoir. 

Certain  portions  of  Lake  County  were  investigated 
pursuant  to  a  19^9  agreement  between  Lake  County  and  the  State  for 
a  cooperative  study  of  the  problems  of  underground  water  supplies 
of  Big  Valley,  Scotts  Valley,  and  the  Upper  Lake  area.   State  Water 
Resources  Board  Bulletin  No.  l4,  "Lake  County  Investigation", 
published  in  July,  1957,  presents  the  results  of  the  investigation, 
including  consideration  of  surface  and  ground  water  supplies, 
determinations  of  present  and  ultimate  water  utilization  and 
supplemental  requirements,  and  plans  for  obtaining  supplemental 
water  supplies. 

Area  Under  Investigation 

The   Clear  Lake-Cache   Creek  Basin  is   located  on  the 
eastern   slope   of   the   Coast   Range   in  Lake  and  Yolo   Counties.      It 
extends    some   80  miles   In  a   northwest-southeast   direction,    with  a 
maximum  width  of  about   30  miles.      The  basin  embraces  an  area   of 
about   1,600   square  miles,    of  which  about  820  square  miles  are   in 
Lake   County,    100   square  miles  are   in  Colusa    County,    and  680  square 
miles   are    in  Yolo   Countyo      County  and   basin  boundaries  are 
delineated  on  Plate   1,    entitled   "Area   of  Investigation  and 

Hydrologic  Units". 
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percent  of  the  average  seasonal  rainfall  occurs  in  the  months 

from  November  through  April,   Mean  seasonal  rainfall  varies  from 

less  than  l6  inches  in  the  vicinity  of  Davis  to  more  than  ^0 

inches  in  the  highlands  on  the  westerly  edge  of  the  basin.   Winter 

temperatures  seldom  fall  much  below  freezing,  and  temperatures  of 

o 
the  warm  dry  summers  frequently  exceed  100  Fahrenheit.   The 

average  frost-free  period  in  areas  of  agricultural  development 

is  about  250  days  in  the  Cache  Creek  area  and  about  217  days  in 

the  Clear  Lake  area. 

For  study  purposes,  and  in  order  to  facilitate  reference 

herein,  the  Clear  Lake-Cache  Creek  Basin  has  been  divided  into  two 

major  subbasins,  designated  the  "Clear  lake  Basin"  and  the  "Cache 

Creek  Basin".   The  locations  of  these  subbasins  are  also  shown  on 

Plate  1.   Tnese  designations  will  be  used  in  reference  to  the  two 

subbasins  throughout  the  ensuing  text. 

Clear  Lake  Basin 

The  Clear  Lake  Basin  is  generally  mountainous.   It  is 
centered  around  Clear  Lake  and  contains  several  large  valleys 
bordering  the  lake,  that  are  suitable  for  intensive  agricultural 
development.  The   major  stream  systems  tributary  to  Clear  Lake 
are  Kelsey,  Scott,  and  Middle  Creeks.   The  communities  of  lakeport. 
Upper  Lake,  Kelseyville,  Nice,  Clearlake  Highlands,  Clearlake 
Park,  and  Clearlake  Oaks,  comprise  the  principal  urban  developments, 
These  communities  all  experience  a  large  influx  of  recreationists 
during  the  summer  months,   lakeport,  the  county  seat  and  largest 
community,  has  a  permanent  population  of  about  2,000. 
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Clear  Lake  is  a  large  shallow  natural  body  of  water 
with  an  area  of  about  64  square  miles,  an  elevation  of  about 
1,323  feet,  and  a  maximum  depth  of  about  50  feet.   It  has  been 
developed  and  is  operated  by  the  Clear  Lake  Water  Company  to 
provide  irrigation  water  to  a  portion  of  the  Sacramento  Valley 
near  Woodland,   The  lake  is  operated  as  stipulated  under  terms 
of  the  Gopcevic  Decree.   Under  this  decree  the  Clear  Lake  Water 
Company  is  permitted  to  fluctuate  the  lake  between  the  limits  of 
zero  and  7.56  feet  on  the  Humsey  Gage  which  is  located  near  the 
edge  of  the  lake  at  Lakeport,   Within  these  limits,  the  lake  has 
a  storage  capacity  of  about  31^,000  acre-feet,   A  copy  of  the 
Gopcevic  Decree  is  included  in  Appendix  A  to  this  bulletin. 

Water  from  Clear  Lake  flows  through  an  outlet  channel 
and  is  released  into  Cache  Creek  from  the  Clear  Lake  Impounding 
Dam.   The  outlet  channel  lacks  sufficient  carrying  capacity  to 
pass  the  runoff  that  accumulates  in  the  lake  during  times  of 
excessive  flood  inflow  from  tributary  streams.   Consequently, 
during  periods  of  excessive  runoff,  extensive  flood  damage  occurs 
to  lands  and  improvements  adjacent  to  the  lake.   Under  the  terms 
of  the  Bemmerly  Decree,  which  resulted  from  litigation  brought  by 
downstream  interests,  the  outlet  channel  from  Clear  Lake  cannot 
be  enlarged  to  pass  flood  waters  from  the  lake  at  an  increased 
rate  of  flow.   This  litigation  resulted  from  t?ie  concern  of  down- 
stream interests  about  additional  flooding  of  their  property, 
should  additional  water  be  added  to  the  flow  of  Cache  Creek 
during  flood  stage.   A  copy  of  the  Bemmerly  Decree  is  also 
included  in  Appendix  A  to  this  bulletin. 
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The  principal  agricultural  areas  of  the  Clear  Lake  Basin 
include  Big  Valley,  Scott  Valley,  and  the  Upper  Lake  area. 
Formerly,  the  major  portion  of  the  tillable  land  in  these  areas 
was  devoted  to  the  production  of  dry-farmed  crops.   In  recent 
years,  however,  irrigation  has  been  initiated,  with  resultant 
substantial  increase  in  crop  yields.   Principal  irrigated  crops 
include  walnuts,  pears,  alfalfa,  and  permanent  pasture.   Water 
supplies  for  farming  operations  are  obtained  from  wells.   The  dry 
farming  depends  upon  rainfall,  which  averages  23  to  30  inches 
annually. 

Industry  in  the  Clear  Lake  Basin  is  limited  and  is 
supported  largely  by  agricultural  production.   Processing  plants 
for  agricultural  products  are  operated  during  harvest  seasons  to 
process  fruits,  nuts,  and  vegetables.   Large  sand  and  gravel 
plants  are  operated  near  Kelseyville, 

Clear  Lake  receives  wide  use  as  a  recreational  facility. 
Numerous  resorts,  motels,  fishing  piers,  and  boat  ramps  are 
located  along  its  shores.   Recreational  pursuits  include  fishing, 
swimming,  and  water  skiing.   It  is  estimated  that  the  present 
average  annual  use  for  water-associated  recreational  purposes 
amounts  to  about  2,300,000  visitor  days.   Because  the  Clear  Lake 
Water  Company  operates  Clear  Lake  to  obtain  a  water  supply  for 
agricultural  purposes,  the  lake  is  drawn  down  during  the  late 
summer  months.   During  years  of  low  inflow  to  the  lake,  this 
lowering  of  the  lake  level  is  a  detriment  to  the  recreational 
interests.   Consequently,  any  operation  of  the  lake  that  would  tend 
to  stabilize  its  water  surface  would  enhance  the  recreational 
potential  of  Clear  Lake. 
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Cache  Creek  Basin 

The  Cache  Creek  Basin  embraces  the  portion  of  the 
Investigational  area  lying  dovmstream  from  the  community  of 
Rumsey,  as  shown  on  Plate  1,   The  basin  includes  Capay  Valley  and 
a  portion  of  the  western  Sacramento  Valley  located  on  the  Cache 
Creek  allvivial  fan. 

Capay  Valley,  varying  from  about  one  to  three  miles 
in  width,  extends  from  the  mouth  of  Cache  Creek  Canyon  approxi- 
mately 16  miles  in  a  southeasterly  direction  to  the  edge  of  the 
Sacramento  Valley,   Agriculture,  Including  the  production  of 
alfalfa,  deciduous  orchards,  and  grain,  provides  the  major  source 
of  income.   Irrigation  water  is  obtained  from  diversions  from 
Cache  Creek,  supplemented  by  pumping  from  ground  water  sources. 
Dry  farming  depends  upon  rainfall,  which  averages  some  26  inches 
in  depth  annually.   Flood  damages  occur  below  Rumsey  during 
periods  of  high  water  when  the  xnanoff  exceeds  the  channel  capacity 
of  Cache  Creek, 

The  Cache  Creek  alluvial  fan  extends  easterly  from  the 
lower  end  of  Capay  Valley  about  19  miles  to  the  Yolo  Bypass.   The 
major  portions  of  the  alluvial  fan  extend  south  of  Cache  Creek  to 
Putah  Creek.   The  economic  development  of  this  area  is  based 
almost  entirely  on  agriculture.   Formerly,  the  major  portion  of 
its  tillable  land  was  devoted  to  the  production  of  dry-farmed 
grains.   The  development  of  irrigation  has  permitted  a  greater 
diversification  of  crops  and  an  increase  in  production.   Principal 
irrigated  crops  include  alfalfa,  rice,  peaches,  apricots,  almonds, 
sugar  beets,  and  tomatoes.   Irrigated  permanent  pasture  provides 
feed  for  beef  and  dairy  cattle,  and  sheep. 
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Distribution  works  for  delivering  the  waters  of  Cache 
Creek  to  a  large  portion  of  the  Cache  Creek  alluvial  fan  have 
been  developed  by  the  Clear  Lake  Water  Company,  A  canal  system, 
including  the  Capay  and  Adams  Canals,  originates  at  the  Capay 
Diversion  Dam  about  two  miles  west  of  the  town  of  Capay,  and 
conveys  water  along  the  west,  south,  and  north  edges  of  the 
Cache  Creek  Basin.   Moore  Dam,  located  on  Cache  Creek  approxi- 
mately 10  miles  downstream  from  Capay  Dam,  diverts  water  into  the 
Moore  Canal  system  for  distribution  to  lands  lying  west  of 
Woodland.   The  available  water  supply  includes  controlled  releases 
and  spill  from  Clear  Lake,  together  with  unregulated  flow 
tributary  to  Cache  Creek  occurring  downstream  from  the  outlet  of 
the  lake. 

Local  industry  in  the  Cache  Creek  Basin  is  supported 
by  agricultural  production.  Various  plants  process  meat,  dehydrate 
vegetables  and  fruit,  and  refine  sugar  beets.   In  addition,  packing 
houses  and  cold  storage  plants  serve  the  food  processing  industry. 
The  expansion  of  highway  facilities  has  kept  pace  with  the  agri- 
cultural and  industrial  development  of  the  area.   The  cities  of 
Woodland,  Davis,  and  Winters  are  the  major  centers  of  urban 
development. 

Organization  of  Report 

Results  of  the  Clear  Lake-Cache  Creek  Basin  Investiga- 
tion are  presented  in  this  bulletin  in  the  four  ensuing  chapters. 
Chapter  II,  "Water  Supply",  discusses  factors  influencing  the 
availability  of  water  and  presents  information,  based  upon  records 
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and  estimates,  on  precipitation,  stream  flow,  ground  water 
hydrology,  and  mineral  quality  of  both  surface  and  subsurface 
water  resources.   Chapter  III,  "Water  Utilization  and  Re- 
quirements", presents  data  and  estimates  of  present  and  probable 
ultimate  land  use  and  use  of  water  by  various  types  of  culture, 
and  evaluates  present  and  estimates  future  water  requirements 
and  requirements  for  additionally  developed  water.   It  also 
discusses  nonconsumptive  water  requirements  for  the  important 
purposes  of  flood  control,  recreation,  and  fish  and  wildlife. 

Chapter  IV,  "Plans  for  Water  Development",  discusses 
possible  plans  for  providing  supplemental  water  for  the  Clear 
Lake  Basin,  and  presents  a  detailed  analysis  of  the  Wilson  Valley 
Project  for  development  of  a  supplemental  water  supply  for  the 
Cache  Creek  Bpsin  and  flood  control  and  recreational  benefits  for 
both  the  Clear  Lake  and  Cache  Creek  Basins.   It  also  discusses  an 
alternative  development  of  Cache  Creek  to  be  operated  coordinately 
with  an  importation  from  the  Sacramento  River.   Chapter  V,  "Summary 
of  Conclusions,  and  Recommendations",  sets  forth  the  findings  of 
the  investigation,  together  with  recommendations  developed 
therefrom. 
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CHAPTER  II.    WATER  SUPPLY 

The  major  portion  of  the  water  resources  of  the  Clear 
Lake-Cache  Creek  Basin  originates  as  rainfall  In  the  upper 
portions  of  the  basin.   Snowfall  is  of  insignificant  Importance 
as  a  source  of  water  supply  because  of  its  Infrequency  of  oc- 
currence and  short  duration.   Runoff,  being  a  direct  function  of 
rainfall,  reflects  the  duration  and  Intensity  of  storms  during 
the  winter  period.   The  seasonal  runoff  pattern  is  varied,  with 
large  flows  occurring  during  the  winter  and  early  spring  months, 
and  meager  flows  occurring  during  the  summer  and  fall  months.   Of 
far  greater  significance  with  respect  to  further  conservation, 
however,  is  the  wide  fluctuation  of  runoff  from  year  to  year. 

Ground  water  in  the  alluvial  basins,  replenished  by 
surface  runoff,  is  the  principal  source  of  water  for  irrigation 
and  municipal  uses  in  the  Clear  Lake-Cache  Creek  Basin.   Outflow 
from  the  Clear  Lake  Basin,  regulated  by  the  Clear  Lake  Impounding 
Dam,  meets  the  bulk  of  the  remaining  water  requirements  in  the 
downstream  Cache  Creek  Basin, 

In  the  ensuing  discussion  of  the  factors  of  water 
supply  in  this  chapter,  certain  periods  were  chosen  for  detailed 
analysis  of  the  hydrology  of  the  Clear  Lake-Cache  Creek  Basin, 
These  periods,  their  definition,  and  the  reason  for  their  se- 
lection are  set  forth  in  the  following  paragraphs,  and  they  will 
be  so  used  throughout  this  bulletin. 

Mean  Period--A  period  chosen  to  represent  conditions 
of  water  supply  and  climate  over  a  long  series  of  years.   In 
studies  conducted  during  the  Clear  Lake-Cache  Creek  Basin 
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Investigation,  the  50-year  period  from  I905-O6  through  195^-55 
was  selected  as  representing  mean  conditions  of  water  supply  and 
climate.  Both  mean  annual  precipitation  and  mean  annual  runoff 
were  computed  for  this  50-year  period. 

Study  Period — A  period  chosen  for  detailed  hydrologic 
analysis,  particularly  with  respect  to  evaluation  of  the  present 
and  potential  yield  of  ground  water  resources  in  the  Cache  Creek 
Basin.   The  6-year  period  from  1953-5^  through  1958-59  was  se- 
lected for  hydrologic  analysis  during  the  current  investigation 
because  of  the  adequate  coverage  of  records  of  items  of  water 
supply  and  water  disposal.   In  comparing  the  6-year  study  period 
with  the  mean  period,  it  should  be  recognized  that  annual  averages 
of  both  precipitation  and  runoff  were  higher  during  the  study 
period  than  during  the  mean  period.   This  is  due  to  the  occurrence 
of  two  very  wet  years,  during  1956  and  1958,  in  which  were  experi- 
enced two  of  the  highest  floods  of  record.   However,  as  will  be 
discussed  later  in  this  chapter,  the  method  utilized  in  evaluating 
the  hydrology  minimizes  the  significance  of  the  greater  wetness 
of  the  study  period. 

Precipitation 

The  Clear  Lake-Cache  Creek  Basin  lies  within  the  area 
traversed  by  the  southern  portion  of  storms  which  sweep  inland 
from  the  North  Pacific  during  winter  and  spring  months.   Rainfall 
resulting  from  these  storms  is  moderately  heavy  and  generally 
increases  with  an  increase  in  land  elevation.   This  is  illustrated 
by  Plate  2,  entitled  "Lines  of  Equal  Mean  Seasonal  Precipitation", 
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which  indicates  a  general  Increase  In  precipitation  from  the  val- 
ley floor  In  the  easterly  portion  of  the  basin  near  Davis  to  the 
highlands  in  the  westerly  portion  near  Clear  Lake, 

Precipitation  Stations  and  Records 

There  are  85  precipitation  stations  in  or  adjacent  to 
the  Clear  Lake-Cache  Creek  Basin  with  continuous  records  of  10 
years  duration  or  longer.   These  stations  are  fairly  well  dis- 
tributed areally,  and  their  records  are  sufficient  to  provide  an 
adequate  pattern  of  precipitation.   Most  of  the  records  have  been 
published  in  previous  bulletins  of  the  Department  of  Water  Re- 
sources and  the  U.  S.  Weather  Bureau,   Locations  of  the  precipita- 
tion stations  within  the  area  of  investigation  are  shown  on 
Plate  2,  and  they  are  referenced  on  that  plate  by  U,  S,  Weather 
Bureau  Identification  number.   These  stations  are  listed  in 
Table  1,  together  with  their  elevations,  periods  and  sources  of 
record,  and  values  of  mean,  maximum,  and  minimum  seasonal  pre- 
cipitation.  In  those  cases  where  it  was  necessary,  precipitation 
records  were  extended  to  cover  the  mean  period  by  direct  corre- 
lation with  records  of  nearby  stations  covering  the  longer  period. 
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TABLE    1 

RECORDED   MAXIMUM,    MINIMUM  AND  ESTIMATED  MEAN  ANNUAL 
PRECIPITATION  AT  STATIONS   WITH   MORE   THAN   TEN  YEARS   OF    RECORD 
IN  OR   ADJACENT  TO  THE   CLEAR   LAKE-CACHE   CREEK  BASIN 


Location: 
number  : 

Tovmshlp, 
ra  nge ,  a  nd 
section 
MDB&M 

:     Station 

Elevation, 
in  feet 

:   Period 
:     of 
:   record 

Source 

of 
record 

:   Estimated  or 
:   recorded  mean 
:seasonal  precipi- 
:tation.  In  inches 

:  Recorded  maximum 
:and  minimum  season- 
:  al  precipitation 
:  Season   :In  inches 

A90039 

9N/6W-1 

Aetna  Springs 

800 

1924-38 

Private 

34.59 

1937-38 
1930-31 

58.02 

17.96 

A00250 

13N/2W-29 

Arbuckle  5  SSW 

360 

1940  to 
date 

Private 

15.89 

1940-41 
1956-57 

33.64 
10.03 

A80527 

15N/8W-2 

Bartlett  Springs 

2,100 

1933-38 
1942-48 

Private 
USWB^ 

43.17 

1937-38 
1946-47 

80.61 
29.75 

A81112 

IIN/3W-36 

Brooks  Parnham 

350 

1921  to 
date 

USWB^ 

20.18 

1940-41 
1923-24 

44.86 
9.61 

A9115t 

6N/2W-1 

Bucktown 

280 

1918-53 

Private 

26.17 

1940-41 
1938-39 

54.35 
11.15 

E31312 

9N/7W-36 

Calistoga 

365 

1873  to 
1918-40 
1940  to 
date 

USWB^ 
SPRR*" 
USWB^ 

33.35 

1889-90 
1923-24 

67.51 
12.16 

F913II 

8N/7W-16 

Calistoga  it  SW 

750 

1950  to 
date 

SCFCWCD° 

43.74 

1957-58 
1958-59 

72.59 
25.84 

F91318 

16N/12W-20 

Calpella 

900 

1922-42 

USED^ 

36.69 

1935-36 
1923-24 

56.00 

18.00 

A01499 

10N/2W-15 

Capay  1  W 

250 

1945  to 
date 

Private 

20.35 

1957-58 
1956-57 

34.62 
12.63 

A81500 

10N/2W-20 

Capay  4  W 

290 

1889  to 
date 

Private 

21.92 

1940-41 
1919-20* 

47.37 
9.92* 

F91838 

llN/lOW-29 

Clove rdale  3  SSE 

320 

1877  to 
date 

USWB^ 

40.08 

1940-41 
1923-24 

68.90 
15.75 

P9l8't0 

11N/12W-17 

Cloverdale  11  W 

1.750 

1939  to 
date 

USWB^ 

57.  t7 

1957-58 
1946-47 

102.06 
43.07 

A91880 

11N/8W-10 

Cobb 

2,520 

1923  to 
date 

Private 

60.30 

1957-58 
1923-24 

115.37 
22.38 

A0227't 

11N/2E-21 

Dan  Best  Ranch 

45 

1941  to 
date 

Private 

15.32 

1957-58 
1956-57 

25.94 
10.59 

AO229'* 

08N/2E-16 

Davis  Agriculture 
College 

51 

1871  to 
date 

USVfB^ 

16.37 

1889-90 
1876-77 

37.41 
5.12 

A02293 

8N/3E-7 

Davis  Nursery 

28 

1931-54 
1959  — 

CDF^ 

16.66 

1940-41 
1938-39 

32.06 
7.65 

A 02298 

8N/2E-18 

Davis  2  WSW 

61 

1918-19 
1924  to 
date 

Private 

16.09 

1940-41 
1938-39 

31.10 
6.98 

A 02299 

9N/2E-33 

Davis  2NNW 

47 

1926  to 
date 

Private 

17.44 

1940-41 
1938-39 

30.74 
7.06 

E32t33 

8N/6W-18 

Diamond  Mountain 

1,800 

1949  to 
date 

SCFCWCD° 

47.22 

1957-58 
1958-59 

78.60 
29.56 

B9245I 

7N/1E-23 

Dixon 

79 

1924  to 
date 

Private 

16.85 

1940-41 
1938-39 

35.11 
7.06 

AO2568 

12N/1W-15 

Dunnigan 

65 

1877-1918 
1931  to 
date 

USWB° 

15.28 

1889-90 
1938-39 

37.45 
6.32 

AO2569 

12N/1W-17 

Dunnigan-Powers 
Ranch 

lot 

1929  to 
date 

Private 

15.56 

1940-41 
1938-39 

33.84 
6.40 

AO257O 

12N/1W-6 

Dunnigan  3NW 

160 

1937  to 
1958 

Private 

16.67 

1940-41 
1938-39 

35.72 
7.45 

AO2573 

12N/2W-26 

Dunnigan  5WSW 

310 

1915-1940 

Private 

17.30 

1937-38 
1938-39 

28.74 
6.68 

A 32640 

17N/6W-3 

East  Park  Reservoir  1,205 

1910  to 
date 

USWB^ 

17.82 

1940-41 
1938-39 

42.43 
5.64 
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TABLE   1    (continued) 


[ffiCORDED   MAXIMUM,    MINIMUM  AND  ESTIMATED   MEAN  ANNUAL 
PRECIPITATION   AT  STATIONS   WITH   MORE   THAN   TEN  YEARS   OP    RECORD 
IN   OR  ADJACENT  TO   THE   CLEAR    LAKE-CACHE  CREEK   BASIN 


Location 

Township, 
ra  nge ,  a  nd 
section 
MDB&M 

:      Station 

:Elevatlon 
:  in  feet 

:   Period 
:    of 
:   record 

:   Source 
:    of 
:   record 

:   Estimated  or 
:   recorded  mean 
:seasonal  precipl- 
itation.  in  inches 

:  Recorded  maximum 
:and  minimum  season- 
:  al  precipitation 

number 

:  Season  : 

In  Inches 

A02880 

10N/2W-3U 

Esparto  3WSW 

350 

1925-39 

1947-58 

Private 

19.51 

1937-38 
1938-39 

36.77 
10.00 

A02881 

lON/lW-19 

Esparto 

190 

1915-38 
1948  to 
date 

Private 

17.07 

1957-58 
1930-31 

32.85 
8,31 

A83687 

11N/3W-U 

Gulnda 

360 

1896-1939 

1947  to 
date 

USWB^  and 
Private 

Private 

20.56 

1957-58 
1923-24 

38,52 
9.92 

A93891 

10N/8W-1 

Helen  Mine 

2,760 

1900-22 

USWB^ 

82.66 

1908-09 
1917-lB 

126.29 

49.38 

P93875 

9N/9W-19 

Healdsburg 

101 

1877  to 
date 

USWB^ 

38.16 

1940-41 
1885-86 

72.55 

16.35 

AStoiO 

12N/8W-35 

Hobergs 

2,980 

1930  to 
date 

USWB° 

50.80 

1937-38 
1938-39 

112.50 
30.09 

A84097 

lltN/lOW-32 

Hopland  8ne 

2,510 

1939  to 
date 

USWB^ 

37.82 

1940-41 
1946-47 

67.38 
24.72 

P9t099 

13N/11W-20 

Hopland  2SE 

500 

1946  to 
date 

SCPCWCD 

33.84 

1957-58 
1946-47 

61.10 
24.31 

AO4390 

13N/1W-22 

Johns  School 

60 

1949  to 
date 

14.70 

1957-58 
1956-57 

29.10 
4.67 

A0tUi»9 

11N/3E-20 

Kamak 

23 

1940  to 
date 

Reclama- 
tion 

District 
#1500 

16.92 

(Records  not  in 
our  files) 

P9'«'t80 

9N/7W-9 

Kellogg 

1,800 

1936  to 
date 

SCFCWCD°, 
and  USWB" 

41,62 

1940-41 
1938-39 

73.9'* 
27.05 

A84488 

13N/9W-lit 

Kelseyvllle 

1,385 

1931  to 
date 

USWB^ 

24.72 

1957-58 
1938-39 

42.68 
11.77 

ASfttgit 

13N/9W-2 

Kelseyvllle  2N 

1,345 

1935- 
1953 

UC^ 

23.41 

1940-41 
1938-39 

41.49 
13.18 

A04591 

11N/2E-I't 

Knights  Landing 

35 

1878- 
1958 

a 
USWB 

16.39 

1889-90 
1938-39 

33.29 

6.64 

A84600 

1AN/8W-29 

Kono  Tayee 

1.325 

1874- 
1884 
1892- 
1904 

USWB^ 

Z3.19 

1877-78 
1876-77 

12!o8 

P64697 

l8N/10W-lit 

Lake  Plllsbury 

1,900 

1924- 
1937 
1940- 
1950 

USWB^ 

39.85 

1940-41 
1930-31 

62.55 
28.37 

AS^TOl 

l4N/10W-2'4 

Lakeport 

1.343 

1905  to 
date 

USWB^ 

27. '♦1 

1957-58 
1930-31 

50.30 
12.69 

A847O0 

14N/10W-14 

Lakeport  2NW 

1.475 

1929  to 
date 

Private 

31.27 

19i(0-4l 
1930-31 

56.64 
14.39 

A8t702 

l'«N/lOW-22 

Lakeport  3W 

1.475 

1932  to 
date 

Private 

34.31 

1957-58 
1938-39 

64.30 
20,93 

A84880 

15N/5W-17 

Leesville  Keegan 
Ranch 

1.340 

1950  to 
date 

Private 

22.91 

1957-58 
1958-59 

44,33 
14,98 

A85161 

12N/7W-U 

Lower  Lake  IW 

1.450 

1935  to 
date 

Private 

27.16 

1957-58 
1938-39 

68,60 
11.13 

P95220 

10N/9W-23 

Lytton  ^NE 

500 

1938  to 
date 

SCFCWCD° 

36.03 

1957-58 
1938-39 

73.10 
18,91 
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TABLE  1  (continued) 


RECORDED  MAXIMUM,    MINIMUM  AND  ESTIMATED  MEAN  ANNUAL 
PRECIPITATION   AT  STATIONS   WITH   MORE   THAN   TEN  YEARS   OF   RECORD 
IN   OR   ADJACENT  TO  THE  CLEAR   LAKE-CACHE  CREEK  BASIN 


Location: 
number   i 


Township, 
range,   and 
section 
MDBicM 


Station 


Elevation, 
In  feet 


Period 

of 
record 


Source 

of 
record 


Estimated  or 

recorded  mean 

seasonal  preclpl- 

tatlon.  In  Inches 


Recorded  maximum 
and  minimum  season- 
al  precipitation 
Season  :  In  Inches 


A0523t 

lON/lw-33 

Madison  ISW 

175 

1940- 

1954 

Private 

AO5237 

9N/1W-16 

Madison  USSE 

70 

1898- 

1939 

Private 

A95598 

10N/7W-3 

Mlddletown 

1,122 

1938 
date 

to 

USWB° 

A95976 

9N/7W-2 

Mt.  St.  Helena 

2,300 

1901- 

1912 

USWB° 

P66717 

17N/9W-21 

Parramore  Springs 

2,150 

1928-1944 

d 
USED 

AO6966 

9N/2E-31 

Flalnfleld 

63 

1886- 

1957 

Private 

AO6971 

9N/1E-24 

Pla Infield  2NNW 

68 

1938 
date 

to 

Private 

P97109 

17N/11W-6 

Potter  Valley 
Powerhouse 

1,014 

1911 
date 

to 

P.O.ScE® 
USWB° 

P97351 

16N/12W-9 

Redwood  Valley 

718 

1937 
date 

to 

USWB^ 

A87590 

12N/3W-18 

Rumaey 

420 

1937 
date 

to 

Private 

A87591 

12NAW-12 

Rumsey  INW 

455 

1938 
date 

to 

Private 

Agsaui* 

9N/7W-11 

Silverado  Ranch 

2,380 

1927- 

1939 

Private 

P98270 

loN/low-18 

Skaggs  Springs  2NE 

340 

1949 
date 

to 

SCPCWCD° 

P98271 

loN/llw-15 

Skaggs  Springs 
2WNW 

455 

1945 
date 

to 

Private 

A38579 

18N/6W-28 

Stonyford  Durham 

1,175 

1929- 

40 

Private 

A38578 

16N/7W-8 

Stonyford  Codley 
Ranch 

2,985 

1935- 

1948 

date 

44 
to 

Private 
USWB^ 

A3858J1 

18N/7W-30 

Stonyford  Morris 
Ranch 

2,500 

1948 
date 

to 

Private 

A 38580 

18N/6W-29 

Stonyford  Ranger 
Station 

1.168 

1918 
date 

to 

USPS__  and 
USWB^ 

A38583 

18N/7W-36 

Stonyford  2SW 

1,225 

1948 
date 

to 

Private 

P98885 

11N/9W-23 

■nie  Oeysers 

1,600 

1939 
date 

to 

USWB^ 

F99122 

15N/12W-17 

Uklah 

623 

1877 
date 

to 

USWB^ 

A89167 

15N/10W-2 

Upper  Lake  7W 

1,520 

1939 
date 

to 

USWB^ 

A89173 

15N/9W-7 

Upper  Lake  Ranger 
Station 

1,347 

1886 
date 

to 

USWB 

B99200 

6N/IW-17 

Vaoavllle 

175 

1880 
date 

to 

USWB^ 

P99725 

8N/9W-11 

Windsor 

125 

1949 
date 

to 

SCPCWCD*^ 

A09742 

8N/IW-15 

Winters 

135 

1942 
date 

to 

USWB^ 

16.49 
17.68 
44.43 
54.60 

48.53 
16.29 
15.73 
42.45 

34.13 
23.02 
24.16 
60.87 
42.79 
48.43 
22.06 

52.59 
37.58 

19.33 
22.02 

35.99 
35.06 
37.91 
33.57 
24.22 
35.99 
17.36 


1940-41 
19U6-47 

1913-1'» 
1912-13 

1955-56 
1958-59 

1906-07 
1911-12 

1937-38 
1938-39 

1940-41 
1938-39 

1958-59 
19J40-41 

1957-58 
1923-24 

19^6-47 
1957-58 

1938-39 
1940-41 

1938- J9 
1940-41 

1930-31 
1935-36 

1949-50 
1957-58 

1946-47 
1957-58 

1938-39 
1937-38 

1957-58 

1938-39 

1957-58 
1954-55 

194e-4l 
1938-39 

1957-58 
1956-57 

1957-58 
1949-50 

1889-90 
1923-24 

1940-41 
1946-47 

1957-58 
1938-39 

1889-90 
1938-39 

1957-58 
1956-57 

1957-58 
1946-47 


36.20 
10.09 

30.61 
8.58 

76.98 
29.68 

79.56 
32.44 

85.22 
26.93 

36.71 
7.15 

11.25 

33.52 

71.68 
19.86 

23.69* 
57.69 

8.94 
44,68 

9.82 
47.66 

28.00 
79.61 

31. '*2 
76.03 

30.14 
95.61 

7.50 
33.77 

96.76 

24.77 

60.65 
24.07 

48.69 
7.20 

'*5.38 
13.68 

97.64 
39.12 

60.48 
16.19 

72.10 
26,91 

60.94 
21.60 

50.05 
9.90 

77.93 
27.77 

3'*.  65 
12.68 
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TABLE   1    (continued) 

RECORDED   MAXIMUM,    MINIMUM  AND  ESTIMATED   MEAN   ANNUAL 
PRECIPITATION   AT  STATIONS   WITH   MORE   THAN   TEN   YEARS   OP   RECORD 
IN  OR  ADJACENT  TO   THE   CLEAR   LAKE-CACHE  CREEK  BASIN 


Location- 

Township, 
range,  and 
section 
MDB4M 

:     Station 

Elevation, 
m  feet 

Period 

of 
record 

Source 

of 
record 

Estimated  or 
recorded  mean 
seasonal  precipi- 
tation, in  Inches 

:  Recorded  maximum 
:and  minimum  season- 
:  al  precipitation 

number  ■ 

:  Season  : 

In  Inches 

A 09743 

8N/IW-29 

Winters  IWSW 

145 

1932 
date 

to 

Private 

20.65 

1940-41 
1938-39 

46.52 
8.19 

AO9745 

8N/1W-33 

Winters  ISSW 
(Wolfskin) 

137 

1937 
date 

to 

a 

UC 

20.06 

1940-41 
1938-39 

43.05 
8.37 

A99748 

7N/2W-12 

Winters  5SW 

240 

1938-53 

Private 

23.67 

1940-41 
1938-39 

52.86 
10.49 

AO9737 

7N/1K-10 

Winters  Udell 
Ranch 

140 

1934-54 

Private 

17.98 

1940-41 
1938t39 

36.86 
7.07 

A09746 

8N/IE-I3 

Winters  3NE 

116 

1926 
date 

to 

Private 

17.61 

1940-41 
1938-39 

37.67 
6.83 

AO9747 

9N/2W-26 

Winters  Scott 
Ranch 

3B0 

1949 
date 

to 

Private 

21.19 

1957-58 
1954-55 

36.49 
14.57 

A 09782 

10N/2E-32 

Woodland  ISSW 

65 

1933 
date 

to 

Private 

16.81 

1940-41 
1938-39 

34.61 
7.96 

A09784 

9N/1E-20 

Woodland  7WSW 

103 

1917 
date 

to 

Private 

17.92 

1940-41 
1938-39 

37.25 
7.08 

AO978I 

10N/2E-30 

Woodland  IWNW 

69 

1873 
date 

to 

USWB^ 

16.16 

1940-41- 
1897-98 

33.52 
6.41 

AO9785 

lON/lE-26 

Woodland  Rumsey 
Ranch 

93 

1940 
date 

to 

Private 

16.09 

1956-57 
1940-41 

10.84 
33.19 

P8985I 

12N/13W-2 

Yorkvllle 

1,100 

1939 
date 

to 

USWB^ 

45.76 

1957-58 
1946-47 

79.33 
34.60 

a   -  United  States  Weather  Bureau 

b  -  Southern  Pacific  Railroad 

c  -  Sonoma   County  Flood  Control  and  Water 

Conservation  District 
d   -  United   States  Engineering  Department 
e  -   California   State  Division  of  Forestry 
f  -  University  of  California 
g  -  Pacific  Cas  and  Electric  Company 
h  -  United  States  Forest  Service 
•  -  Also  in   1954-55 
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Precipitation  Characteristics 

As  previously  stated,  precipitation  on  the  Clear  Lake- 
Cache  Creek  Basin  generally  varies  as  a  function  of  elevation, 
ranging  from  a  mean  seasonal  depth  of  about  17  Inches  on  the  val- 
ley floor  lands  In  the  easterly  portion  of  the  basin  to  about  50 
Inches  In  the  mountainous  westerly  portion.   It  was  concluded 
from  an  analysis  of  records  that  precipitation  at  Lakeport,  Davis, 
and  Capay  provides  suitable  Indices  of  general  precipitation  over 
the  basin.   The  record  of  precipitation  at  Lakeport  is  available 
since  1901-02,  that  for  Capay  since  I889-90,  and  that  for  Davis 
since  1871-72.   Recorded  annual  precipitation  for  these  stations 
is  presented  in  Table  2o 
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TABLE   2 

RECORDED  ANNUAL  PRECIPITATION 
AT  DAVIS,  CAPAY  AND  LAKEPORT, 
CLEAR   LAKE-CACHE  CREEK  BASIN 

(In  Inches) 


Season~ 


Davis 


Capay 


LakepofF" 


Sea  son~ 


Davis 


Capay 


Lakeport 


1871-72 

19.18 

1872-73 

11.95 

1873-74 

18.30 

1874-75 

11.18 

1875-76 

18.72 

1876-77 

5.12 

1877-78 

20.00 

1878-79 

12.93 

1879-80 

17.03 

1880-81 

18.85 

1881-82 

11.63 

1882-83 

15.78 

1883-84 

18.80 

1884-85 

9.79 

1885-86 

24.50 

1886-87 

12.23 

1887-88 

12.00 

1888-89 

20.13 

1889-90 

37.41 

45.30 

1890-91 

21.38 

18.89 

1891-92 

12.42 

16.31 

1892-93 

24.31 

36.49 

1893-94 

15.16 

16.42 

1894-95 

22.58 

35.18 

1895-96 

21.71 

29.24 

1896-97 

18.82 

19.93 

1897-98 

8.96 

9.92 

1898-99 

13.19 

15.57 

1899-00 

13.29 

17.45 

1900-01 

17.79 

23.58 

1901-02 

15.72 

25.67 

34.44 

1902-03 

16.19 

19.70 

26.20 

1903-04 

18.47 

24.11 

43.15 

1904-05 

22.75 

31.07 

36.27 

1905-06 

24,46 

26.77 

37.33 

1906-07 

23.93 

30.96 

34.33 

1907-08 

13.16 

15.11 

21.65 

1908-09 

22,07 

29.10 

4it.Jt7 

1909-10 

11,77 

19.80 

23.22 

1910-11 

23.18 

31.84 

25.99 

1911-12 

9.46 

12.23 

19.22 

1912-13 
1913-14 

8,74 

12.59 

23.47 
44,56 

28,70 

35.98 

1914-15 

20,05 

30.12 

40,37 

1915-16 

20,88 

27.62 

26.25 

1916-17 

14,11 

18.27 

21.75 

1917-18 

9.66 

14.13 

17.49 

1918-19 

19.40 

21.00 

27.02 

1919-20 

8.94 

9.92 

14.19 

1920-21 

17.17 

23.16 

35.99 

1921-22 

16.63 

20,14 

21.76 

1922-23 

17.86 

22.64 

26.61 

1923-24 

8.99 

10.62 

14.09 

1924-25 

19.25 

25.58 

38.70 

1925-26 

18.35 

27.23 

24.24 

1926-27 

18.95 

25.76 

36.86 

1927-28 

14.76 

20.28 

26.70 

1928-29 

10.94 

14.99 

16.64 

1929-30 

13.90 

21.63 

23.46 

1930-31 

8.73 

10.30 

12.69 

1931-32 

15.21 

21.57 

21.80 

1932-33 

9.56 

12.66 

16.70 

1933-34 

11.04 

17.03 

22.24 

1934-35 

18,71 

22.68 

29.93 

1935-36 
1936-37 
1937-38 
1938-39 

1939-40 

1940-41 
1941-42 
1942-43 
1943-44 
1944-45 

1945-46 
1946-47 
1947-48 
1948-49 
1949-50 

1950-51 
1951-52 
1952-53 
1953-54 

1954-55 

1955-56 

1956-57 
1957-58 
1958-59 


25.79 

6.99 
20.42 

31.51 
21.24 
17.83 
15.49 

15.43 

15.41 
12.62 
14.08 
13.91 
12.47 

15.26 
20.66 
16.70 
13.51 
14.10 

25.37 
12.02 
28.74 
10.98 


21.21 
21.79 
36.53 
8.90* 
30.17* 

47.37* 
35.47* 
22,02* 
20.23* 
19.39* 

18.77 

15.27* 

16.33* 

18.63 

16.64 

21.67 
31.81 
25.68 
19.49 
15.33 

36.07 
15.77 
38.29 
16.21 


31.29 
24.62 
44.28 
17.83 
34.71 

47.17 
38.32 
30.86 
21.48 
25.66 

28.09 
21.11 
26.77 
19.29 
21.86 

33.61 
36.84 
31.12 
26.50 
19.83 

39.15 
23.48 
50.30 
19.85 


*  Corrected   records 
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As   Indicated  by  Table   2,    precipitation  in  the   Clear 
Lake-Cache   Creek  Basin  fluctuates  widely  from  year  to  year 
ranging  from  less   than  50  percent   to  nearly  200  percent  of   the 
seasonal  mean.      As  an  example,    maximum  annual  precipitation  at 
Lakeport  occurred  in  19^0-41,   when  47,17   inches  of   rain  were 
recorded.      In  1923-24,    the  minimum  year  of  record  at   this   station, 
only  14.09  inches  of   rainfall  were   recorded.      This   variation  in 
the  annual  occurrence  of  precipitation,    and  its  apparent   cyclic 
nature,    is  depicted  graphically  on   Plate   3,    entitled   "Repre- 
sentative  Precipitation  and  Runoff  Characteristics   in  Clear 
Lake-Cache   Creek  Basin". 

More   than  80  percent  of   the  annual  precipitation  In 
the   Clear  Lake-Cache  Creek  Basin  occurs,    on  the  average,    during 
the   5  months   from  November  through  March.      The  mean  monthly 
distribution  of  precipitation  at  Davis,    Capay,   and  Lakeport, 
which  are   considered   representative   in  this   respect,    is  presented 
in  Table   3. 
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TABLE  3 

MEAN  MONTHLY  DISTRIBUTION  OF  RAINFALL 
AT  DAVIS,  CAPAY,  AND  LAKEPORT 


Davis 

Cap 

ay 

Lakep( 

3rt 

Month 

In  inches 

tPercent 
:      of 
:  annual 

In  inches 

: Percent 
:      of 
:  annual 

In  inches 

: Percent 
:      of 
:  annual 

July 

Trace 

0 

Trace 

0 

.02 

.07 

August 

.01 

.06 

.02 

.09 

.04 

.15 

September 

.18 

1.10 

.20 

.91 

.25 

.91 

October 

.65 

3.97 

.79 

3.60 

1.33 

4.85 

November 

1.50 

9.16 

2.02 

9.22 

3.06 

11.16 

December 

3.29 

20.10 

4.44 

20.26 

5.59 

20.39 

Ja  nua  ry 

3.67 

22.42 

4.97 

22.67 

6.13 

22.38 

February 

3.00 

18.33 

4.28 

19.52 

4.73 

17.26 

March 

2.28 

13.93 

3.22 

14.70 

3.37 

12.29 

April 

1.14 

6.96 

1.25 

5.70 

1.76 

6.42 

May 

.49 

2.99 

.55 

2.51 

.77 

2.81 

June 

.16 

.98 

.18 

.82 

.36 

1.21 

Totals 

.     16.37 

100.00 

21.92 

100.00 

27.41 

100.00 

Quantity  of 

'   Precipltj 

ation 

To  evaluate  ground  water  hydrology  in  the  Clear  Lake- 
Cache  Creek  Basin,  estimates  were  made  of  the  total  quantity  of 
precipitation  on  the  ground  water  basins  of  Capay  Valley  and  the 
lower  Cache  Creek  area.  The   mean  annual  precipitation  on  those 
basins  was  determined  by:   (l)  Plotting  on  a  map  recorded  or  esti- 
mated mean   annual  precipitation  for  all  stations  in  or  adjacent 
to  the  area  and  drawing  lines  of  equal  mean  annual   precipitation. 
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or  Isohyets,  as  shown  on  Plate  2,  and  (2)  Multiplying  the  areas 
between  isohyets,  in  acres,  by  the  average  depths  of  precipita- 
tion between  these  isohyets,  in  feet,  to  derive  the  total  quantity 
of  precipitation,  in  acre-feet. 

Annual  quantities  of  precipitation  during  the  6-year 
study  period  were  estimated  by  adjusting  the  foregoing  estimates 
for  the  mean  period  on  the  basis  of  recorded  precipitation  at 
Guinda,  for  the  Capay  Valley,  and  at  Capay,  Davis,  Esparto, 
Winters,  and  Woodland  for  the  Cache  Creek  Basin.   The  results  of 
the  estimates  are  presented  in  Table  h.      The  term  "precipitation 
index"  in  Table  4  refers  to  the  ratio  of  the  amount  of  precipita- 
tion during  a  given  year  to  the  mean  seasonal  amount,  expressed 
as  a  percentage o 
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Runoff 

Runoff  from  rainfall  constitutes  the  only  significant 
source  of  water  available  for  development  in  the  Clear  Lake-Cache 
Creek  Basin.   Stream  flow,  fed  by  runoff  from  the  watershed  areas, 
is  used  extensively  for  irrigation  purposes  in  the  lower  Cache 
Creek  area  in  the  Sacramento  Valley.   However,  a  substantial 
portion  is  unregulated  and  wastes  from  the  basin,  particularly 
during  wetter  years,  and  constitutes  a  potential  source  of  water 
to  meet  future  requirements. 

Stream  Gaginp;  Stations  and  Records 

Records  of  stream  flow  for  Cache  Creek  and  its  principal 
tributary  streams  are  sufficient  in  number,  length,  and  reliability 
for  purposes  of  hydrologic  studies.   Records  for  most  of  the  tribu- 
tary streams,  however,  are  of  relatively  short  duration.   To 
estimate  runoff  of  these  streams  it  was  necessary  to  extend  the 
records  of  runoff  by  correlation  with  nearby  stations  having 
records  during  the  mean  period. 

Stream  gaging  stations  pertinent  to  the  hydrography  of 
the  Clear  Lake-Cache  Creek  Basin,  together  with  their  reference 
numbers,  drainage  areas,  and  periods  and  sources  of  records  are 
presented  in  Table  5.   Locations  of  the  stream  gaging  stations  are 
shown  on  Plate  2.   Reference  numbers  for  all  stations  listed  in 
Table  5  have  been  assigned  by  the  Department  of  Water  Resources, 
The  numbers  designate  the  major  drainage  and  tributary  basins  in 
which  the  gaging  station  is  located.   Also,  most  of  the  runoff 
records  for  these  stations  have  been  published  by  the  United 
States  Geological  Survey  in  its  Water  Supply  Papers,  or  by  the 
Department  of  Water  Resources  in  its  Bulletin  No.  58, 
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It  Is  significant  to  note  that  the  Clear  Lake  staff 
gage  located  at  Lakeport  and  known  as  the  "Rumsey  Gage"  has  long 
been  recognized  as  the  standard  for  measurement  of  water  surface 
elevations  of  Clear  Lake.   Zero  on  the  Rumsey  Gage  corresponds 
to  an  elevation  of  1,318,59  feet  above  mean  sea  level.   Location 
of  the  Rumsey  Gage  is  shown  on  Plate  2. 


-29- 


TABLE   5 


STREAM  GAGING   STATIONS    IN   OR  ADJACENT  TO 
THE  CLEAR   LAKE-CACHE   CREEK  BASIN 


Map* 

reference 

number 


Location 
number 


Stream 


Location  of  gaging  station 


Drainage 
area.   In 

square 

miles 


Period  of  record 


Source 

of 

record** 


L-1  13N/9W-20N1  Adobe   Creek  At  Bell   Hill   Road 

CCI-1  12N/9W-5J  Adobe   Creek  Near  Kelseyvllle 

CCI-2  13N/9W-31D  Highland  Creek  Near  Kelseyvllle 

L-10  13N/9W-34K  Kelsey  Creek  Near  Kelseyvllle 

L-16  14n/10W-14m  Scott   Creek  Near  Lakeport 

CCI-3  15N/10W-12P  Scott   Creek  At   Upper  Lake 

CCI-4  15N/9W-7E  Clover  Creek  At   Upper  Lake 

CCI-5  15N/9W-6K  Clover  Creek  By- Near  Upper  Lake 

pass 

L-19  15N/9W-5Q  Clover  Creek  Near  Upper  Lake 

L-21  I6N/IOW-25N  Middle   Creek  Near  Upper  Lake 

L-22  I5N/IOW-13A  Middle   Creek  At  bridge   south  of  Upper 

Lake 

CCI-6  15N/10W-1H  Middle   Creek  Near  Upper  Lake 

CCI-7  12N/7W-14J  Copsey  Creek  Near  Lower  Lake 

CCI-8  l'tN/l0W-24R  Clear  Lake  At   Lakeport 


5-247 

12N/6W-6B 

Cache   Creek 

Near  Lower  Lake 

5-246 

13N/7W-34R 

Cache   Creek 

At   Lower  Lake 

5-245 

14N/6W-31F 

North   Fork  of 
Cache   Creek 

Near   Lower  Lake 

CCI-9 

13N/4W-30L 

Bear  Creek 

Near  Rumsey 

CCI-10 

12N/4W-2J 

Cache   Creek 

Above   Rumsey 

CCI-11 

12N/3W-18 

Cache  Creek 

At  Rumsey 

5-248 

10N/2W-8K 

Cache  Creek 

Near  Capay 

5-249 

10N/1E-12K 

Cache   Creek 

At  Yolo 

PCI-1 

9N/2W-25K 

Salt  Creek 

Near  Winters 

PCI-IA 

8N/1W-4A 

Salt  Creek 

At  Dunnlgan  Cutoff 

PCI-8 

9N/2E-28G 

Willow  Slough 

Near  Davis 

5-252 

11N/6W-27E 

Putah  Creek 

Near  Guenoc 

24 

1948-50 

DWR 

6.4 

October,   195** 
to  date 

uses 

12.7 

October,    195'* 
to  date 

USGS 

37.2 

December,   1945 
to  date 

USGS 

S** 

1948-195'* 
March,    1959 
to   date 

USED 
DWR 

106 

November,    1959 
to  date 

DWR 

14 

September,   1953 
to   date 

DWR 

November,    1959 
to  date 

DWR 

14 

1948-195'* 

USED 

47 

1948-195'* 

USED 

83 

1948-1950 

DWR 

53 

March,    1959 
to  date 

DWR 

14 

January,    i960 
to  date 

DWR 

528 

1874-1900 
Incomplete 
January,   1913 
to  date 

USGS 

528 

May,   19'+'* 
to  date 

USGS 

492 

1901-1915 

USGS 

198 

July,   1930 
to  date 

USGS 

99 

September,   1955 
to  (fete 

DWR 

955 

October,    1959 
to  date 

DWR 

962 

1957   to   date 

DWR 

1,052 

May,    1942 
to   date 

USGS 

1.137 

January,   1903 
to  date 

USGS 

10.8 

1951-195'* 

DWR 

16.2 

March,   1952 
April.    1952 

DWR 

173 

1951-5'* 

DWR 

112 

February,    1904 
to  July,   1906 
July,   1930 
to  date 

USGS 
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TABLE  5   (continued) 

STREAM  CAGING   STATIONS    IN   OR   ADJACENT  TO 
THE   CLEAR   LAKE-CACHE   CREEK   BASIN 


Drainage 

Map* 

area.    In 

Source 

reference 

Location 

square 

of 

nvimber 

number 

Stream 

Location  of  KaElnK   station 

miles 

Period  of   record 

record** 

5-253 


8N/2W-28A 


5-25^  8N/1W-22N 


Putah  Creek 


Putah   Creek 


Near  Winters 


At   Winters 


577 
63t 


June,    1930 
to   da  te 

1905-1930 


USGS 


USGS 


•L,    Lake   County   Investigation 
CCI,    Cache   Creek   Investigation 
5-245,    Bulletin  No.    1 
PCI,    Putah  Creek  Cone  Investigation 

»*DWR,    Department  of  Water  Resources 
USED,    Corps   of  Engineers,    U,    S.    Army 
USGS,    United   States   Geological   Survey 
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Runoff  Characteristics 

Because  runoff  In  the  Clear  Lake-Cache  Creek  Basin 
originates  from  rainfall,  its  monthly  and  annual  pattern  of 
occurrence  is  closely  related  to  the  monthly  and  annual  varia- 
tion in  precipitation.   Stream  discharge  increases  greatly 
within  a  few  hours  following  major  storms.   Runoff  characteristics 
of  the  basin  are  exemplified  by  recorded  and  estimated  annual 
runoff  of  Kelsey  Creek  in  the  Clear  Lake  Basin  and  Cache  Creek 
in  the  Cache  Creek  Basin. 

An  excellent  continuous  record  of  flow  of  Cache  Creek 
at  Yolo  is  available  since  January,  1903,  when  a  stream  gaging 
station  was  established  by  the  U.  S,  Geological  Survey.   This 
record  of  annual  runoff  is  presented  in  Table  6,  which  also 
includes  recorded  and  estimated  annual  runoff  of  Kelsey  Creek 
near  Kelseyville,  North  Fork  Cache  Creek  near  Lower  Lake,  Cache 
Creek  near  Capay,  and  Cache  Creek  at  Yolo. 
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TABLE  6 

RECORDED  AND  ESTIMATED  ANNUAL 

RUNOFF   OF   SELECTED   STREAMS 
CLEAR  LAKE-CACHE  CREEK  BASIN 

( In  acre-feet ) 


Season 


Kelsey   Creek 

near 
Kelseyvllle 


Recorded  and   estimated   runoff 

at   North   Fork  Cache   Creek 
near   Lower  Lake 


Recorded  and  estimated  runoff 
of   Cache   Creek  near  Capay 


Recorded   runoff  of 
Cache   Creek  at  Yolo 


1905-06 

54,000 

1906-07 

68,500 

1907-08 

31,500 

1908-09 

89,000 

1909-10 

31,000 

1910-11 

43,000 

1911-12 

21,000 

1912-13 

28,000 

igiB-i't 

76,500 

191'»-15 

68,500 

1915-16 

42,500 

1916-17 

29,000 

1917-18 

22,000 

1918-19 

33,500 

1919-20 

16,500 

1920-21 

57,000 

1921-22 

29,500 

1922-23 

30,000 

1923-21 

15,000 

192A-25 

48,000 

1925-26 

33,000 

1926-27 

70,000 

1927-28 

39.000 

1928-29 

20,000 

1929-30 

33,000 

1930-31 

17,500 

1931-32 

30,000 

1932-33 

23,000 

1933-3'' 

25,000 

1934-35 

36,500 

1935-36 

43,000 

1936-37 

30,500 

1937-38 

85,000 

1938-39 

18,500 

193g.liO 

57,000 

ig2to-tl 

82,500 

19'tl-'*2 

61,000 

19'42-'t3 

43,000 

igUS-Uk 

27,000 

1944-45 

33,000 

1945-1*6 

42,000 

1946-47 

23,580 

1947-48 

28,160 

1948-49 

32,090 

1949-50 

29,110 

1950-51 

53. It  30 

1951-52 

71,480 

1952-53 

61,280 

1953-54 

50,750 

1954-55 

26, 71*0 

Mean   for 

50-year 

period 

41,200 

221,660 
266,650 

80,450 
313,250 

91, 5^0 

193,210 

32,700 

56,900 

318,960 

254, 7tO 

245,320 

104, 180 
43,020 

115,980 
26,720 

173,160 
87.310 

103,260 
24,320 

123,720 

122,900 
186,730 
114,740 
33.840 
120,670 

15,100* 
74,400 
38,500 
48,300 
107,700 

140.600 
75,050 

360,000 
19,590 

213,300 

3't7,100 

23'*,  100 

140,300 

58,230 

83,260 

135,200 
38,61c 
68,020 
80,930 
67,000 

170,700 
255,200 
182,100 
122,800 
49,940 


131.640 


761,800 
997.900 
351,200 
1,294,400 
285,500 

528,300 
109, too 

187,100 
1,184,900 
1,036,200 

813,000 
3'*1,500 
184,000 
256,000 
42,000 

505,200 
264,700 
230,000 
35,'tOO 
351,800 

33t,4oo 
846,000 
363,500 
87,000 
231, '*00 

28,800 
145,800 

60,700 
115,000 
301,200 

484,500 

290,000 

1,283,600 

73,800 

666,300 

1,523,1*00 

1,013,500 

516,700* 

185,000 

242, 300 

39'*,  600 

87,600 
160,200 
231,700 
178,400 

488,500 
889,500 
590, 200 
424,300 
173,200 


443,400 


740,000 
983,000 
309,000 
1,280,000 
250,000 

496,000 

36,900 

73,200 

1,170,000 

999,000 

686.000 

145,000 

30,400 

107,000 

2,900 

389.000 

101,000 

92,900 

6,000 

240,000 

196,000 
682,000 
221,000 
18,700 
120,000 

3,700 

75,800 

19,300 

45,400 

222,500 

335,700 

149,200 

1,172,000 

8,000 

558,400 

1,429,000 

891*,  300 

341,500 

70,800 

86,000 

197.300 
33,800 
36,700 
90,500 
65,1*00 

31*2,800 
729,200 
429, '*00 
253,500 
25,600 


339,800 


•  Record  begins 
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The  apparent  cyclic  nature  of  the  occurrence  of  runoff 
in  the  Clear  Lake-Cache  Creek  Basin,  as  evidenced  by  the  recorded 
and  estimated  annual  runoff  of  Cache  Creek  near  Capay,  is 
depicted  graphically  on  Plate  3.   Comparison  of  the  precipita- 
tion and  runoff  characteristics  illustrated  on  Plate  3 
demonstrates  the  relatively  close  correlation  of  annual  variation 
between  the  two.   The  graphs  of  accumulated  departure  from  mean 
annual  runoff  and  precipitation,  shown  on  Plate  3,    serve  as  a 
useful  and  rapid  guide  in  determining  the  relative  wetness  or 
dryness  of  any  given  period. 

The  average  monthly  distribution  of  runoff  of  repre- 
sentative streams  in  the  Clear  Lake-Cache  Creek  Basin  is  shown 
in  Table  7,   In  this  connection,  it  should  be  mentioned  that  the 
distribution  of  runoff  of  Cache  Creek  at  Yolo  reflects  the 
summer  irrigation  season  diversions  at  Capay  and  Moore  Dams, 
Nearly  90  percent  of  the  annual  runoff  in  the  basin  occurs  during 
the  5-month  period  from  December  through  April.   The  monthly 
correlation  between  precipitation  and  runoff  may  be  noted  by 
comparison  of  Tables  3  and  7. 
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Typical  low  summer  ^ 

flow  in  Coche  Creek         " 


t    -+ 4. .      _    '"  •-  »r*  * 


Department  of  Water 
Resources  photograph 


Cache  Creek  at 
flood  sfoge,  discharging 
17,000  second-feef  in 
February,  1955 


1 


Department  of  Water 
Resources  photograph 


TABLE  7 

AVERAGE  MONTHLY  DISTRIBUTION  OF  RUNOFF 
AT  SELECTED  STATIONS  IN  PERCENT 
OF  RECORDED  ANNUAL  TOTALS 


Month 

Runoff  of 
Kelsey  Creek 

near 
Kelseyville 

Runoff  of 
North   Fork  of 
Cache   Creek  near 
Lower  Lake 

rRunoff  of 
:      Cache 
:      Creek 
:near  Capay 

Runoff  of 

Cache   Creek 

at  Yolo 

October 

1.2 

0.3 

0.5 

0.1 

November 

4.1 

1.6 

0.8 

0.6 

December 

19.9 

14.8 

8.2 

6.2 

January 

23.0 

21.6 

18.5 

19.7 

February 

20.1 

27.8 

21.9 

30.0 

March 

15.2 

18.6 

15.0 

22.7 

April 

9.0 

10.4 

9.9 

14.4 

May 

4.3 

3.4 

6.0 

4.1 

June 

1.6 

1.1 

5.7 

1.3 

July 

.7 

0.3 

6.0 

0.6 

August 

.4 

0.1 

5.0 

0.2 

September 

.5 

0 

2.^ 

0.1 

Totals 

100.0 

100.0 

100.0 

100.0 

Quantity  of 

Runoff 

Quantitative  determination  of  runoff  in  the  Clear  Lake- 
Cache  Creek  Basin  was  made  for  the  purpose  of  evaluating  potential 
dams  and  reservoirs,  particularly  at  the  Wilson  Valley  site,  and 
for  hydrologic  analysis  of  those  areas  in  the  Cache  Creek  Basin 
overlying  ground  water  storage,  which  are  designated  on  Plate  1 
as  the  "Cache  Creek  Service  Area".   The  term  "Cache  Creek  Service 
Area"  will  be  used  hereinafter  in  reference  to  the  area  of 
hydrologic  analysis. 
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Available  records  of  stream  flow  during  the  6-year 
study  period  were  sufficient  to  permit  the  determination  of 
inflow  to  and  outflow  from  the  principal  units  of  the  Cache 
Creek  Service  Area,   Moreover,  the  longer-term  records  at  key 
locations  enabled  a  reliable  determination  of  runoff  at  potential 
dam  sites,  and  provided  a  comparison  of  the  relationship  of  run- 
off during  the  study  period  with  that  during  the  mean  period. 

Values  of  measured  and  estimated  annual  surface 
inflow  to  and  outflow  from  the  Cache  Creek  Service  Area  during 
the  6-year  study  period  are  presented  in  Table  8.   Table  8  also 
shows   annual  runoff  at  key  locations  which  are  pertinent  to 
plans  for  further  water  supply  development.   It  will  be  noted 
in  Table  8  that  the  inflow  to  the  Cache  Creek  Service  Area  is 
comprised  mainly  of  runoff  from  Cache  Creek,  which  has  been 
measured  on  the  main  channel  near  Lower  Lake  since  19^5  and  on 
the  North  Fork  near  Lower  Lake  since  1930,   The  remainder  of 
inflow  to  the  area  derives  from  the  small  watershed  areas 
flanking  Capay  Valley.   Outflow  from  the  Cache  Creek  Service 
Area  is  concentrated  almost  entirely  in  Cache  Creek,  which  has 
been  measured  at  Yolo  continuously  since  1903, 
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Underground  Hydrology 

The  valley  floor  lands  in  the  Clear  Lake-Cache  Creek 
Basin  are  underlain  by  water-bearing  materials  of  considerable 
storage  capacity,  particularly  in  the  Cache  Creek  Service  Area. 
Water  pumped  from  underground  storage  serves  nearly  all  the  lands 
irrigated  within  the  Clear  Lake  Basin,  and  meets  a  substantial 
portion  of  the  water  requirements  for  irrigation  and  domestic 
uses  within  the  Cache  Creek  Basin.   The  remainder  of  the  water 
requirements  of  the  latter  basin  are  met  from  water  developed 
and  distributed  by  the  Clear  Lake  Water  Company.   Percolation  of 
precipitation  and  stream  flow  are  the  most  important  sources  of 
ground  water  replenishment,  while  percolation  of  the  unconsumed 
portion  of  applied  irrigation  water  and  of  losses  from  canals  and 
laterals  constitutes  a  secondary,  although  significant,  source  of 
replenishment. 

Clear  Lake  Basin 

In  the  Clear  Lake  Basin,  ground  water  bodies  of  signifi- 
cant extent  underlies  Big  Valley,  Scott  Valley,  and  the  Upper  Lake 
area.   The  underground  hydrology  of  these  areas  was  studied  in 
detail  and  reported  upon  in  Department  of  Water  Resources  Bulletin 
No.  14,  "Lake  County  Investigation".   In  that  investigation  it  was 
determined  that  the  1955  net  draft  on  ground  water  storage  aggre- 
gated about  37,000  acre-feet  per  year,  which  draft  could  be 
increased  to  50,000  acre-feet  per  year  by  utilizing  additional 
ground  water  storage  capacity.   Because  of  the  coverage  of  under- 
ground hydrology  in  Bulletin  No.  l4,  further  discussion  or  evalua- 
tion of  ground  water  potential  in  the  Clear  Lake  Basin  will  not  be 
presented  herein. 
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Cache  Creek  Basin 

The  discussion  of  underground  hydrology  in  this  section 
concerns  the  occurrence,  quantity,  and  safe  annual  yield  of 
ground  water  in  the  Cache  Creek  Service  Area,  together  with  the 
consideration  of  certain  other  items  pertinent  to  the  development 
and  recharge  of  ground  water. 

The  term  "free  ground  water"  as  used  In  this  bulletin 
refers  to  a  body  of  ground  water  which  can  be  replenished  by 
direct  percolation  of  overlying  surface  waters  and  which  moves 
in  direct  relation  to  the  slope  of  the  water  table,   "Confined 
ground  water"  refers  to  a  body  of  ground  water  overlain  by 
material  sufficiently  impervious  to  sever  hydraulic  connection 
with  overlying  water,  and  which  moves  under  pressure  caused  by 
the  difference  in  elevation  between  the  intake  and  discharge 
areas  of  the  confined  ground  water  body.   In  areas  of  free  ground 
water  the  ground  water  basin  provides  regulatory  storage  to 
smooth  out  fluctuations  in  available  water  supplies,  and  changes 
in  ground  water  storage  are  indicated  by  changes  in  ground  water 
levels.  Changes  in  water  levels  in  confined  ground  water  areas 
are  indicative  of  changes  in  pressure  of  the  confined  water  and 
generally  do  not  directly  indicate  changes  in  storage  capacity. 

Ground  water  in  the  Cache  Creek  Service  Area  is,  for 
the  most  part,  free  or  unconfined,  but  many  deep  wells  show 
"semiconf ined"  effects.   As  previously  stated,  these  basins  are 
replenished  from  percolation  of  rainfall,  stream  flow,  and  the 
unconsumed  portion  of  applied  irrigation  waters. 
Ground  Water  Geology,  Cache  Creek  Basin 

The  geology  of  the  Cache  Creek  Basin  has  been  studied 
by  various  state  and  federal  agencies  and  by  several  oil  companies, 

-39- 


Published  reports  from  these  sources  have  been  utilized  in 
connection  with  the  current  investigation.   Pertinent  results 
of  these  studies  are  briefly  summarized  herein,  and  are  presented 
in  greater  detail  in  an  office  report  on  file  in  the  department. 

Because  the  areal  extent  of  water-bearing  formations 
in  the  Cache  Creek  Basin  closely  conforms  to  the  Cache  Creek 
Service  Area,  evaluation  of  the  ground  water  geology  of  the 
basin  was  essentially  limited  to  that  area,   Areal  distribution 
of  the  water-bearing  and  nonwater-bearing  formations  throughout 
the  Cache  Creek  Basin  is  depicted  on  Plate  4,  entitled  "Geology 
of  Cache  Creek  Basin".   Reference  to  Plate  4  will  facilitate 
understanding  of  the  following  discussion. 

The  Cache  Creek  Basin  is  underlain  by  folded  and 
faulted  consolidated  sedimentary  rocks  of  Cretaceous  and  Tertiary 
age  which  contain  little  useable  ground  water.   These  older  rocks 
are  overlain  by  the  following  water-bearing  formations:  Tehama 
formation  and  related  continental  sediments  of  Plio-Pleistocene 
age;  older  alluvium  and  terraces  of  Pleistocene  age;  and  stream 
channel,  terrace,  flood  plain,  and  other  alluvial  deposits  of 
Recent  age. 

The  occurrence  and  movement  of  ground  water  in  the 
Cache  Creek  Basin  are  controlled  to  a  large  extent  by  the  pattern 
of  ridges  and  valleys  in  the  area.   This  pattern  was  established 
by  the  warping  and  buckling  of  the  earth's  crust  which  began   in 
the  Pliocene  and  continued  through  the  Pleistocene  and  which 
resulted  in  the  present  elevation  of  the  northern  Coast  Range, 
The  ridges  appear  to  separate  the  Sacramento  Valley  from  the 
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smaller  valleys  to  the  west.   Structurally,  Capay  Valley  is  a 
broad,  elongated  synclinal  depression  between  the  Blue  Ridge  of 
the  Vaca  Mountains  and  the  Rumsey  Hills  in  the  Coast  Range 
geomorphic  province.   Although  separated  by  the  Piumsey  Hills, 
Capay  Valley  as  a  ground  water  basin  is  imperfectly  connected 
at  its  outlet  with  the  Sacramento  Valley  ground  water  basin. 
Hungry  Hollow  is  a  low  plains  re-entrant  which  extends  7  to  8 
miles  north  of  Cache  Creek  between  the  Rumsey  Hills  anticline 
and  the  Dunnigan  Hills  anticline.   Except  for  the  partial 
separation  by  the  Dunnigan  Hills,  the  Hungry  Hollow  plain  physic- 
graphically  is  a  part  of  the  Sacramento  Valley.   Similarly,  the 
plain  between  the  Plainfield  Ridge  and  the  Vaca  Mountains  physio- 
graphically  is  a  part  of  Sacramento  Valley,   The  Dunnigan  Hills 
and  the  Plainfield  Ridge  act  as  partial  barriers  to  ground  water 
movement  except  where  gaps  in  the  ridges  have  been  filled  with 
pervious  alluvial  deposits. 

The  following  list  summarizes  the  geologic  formations 
in  the  Cache  Creek  Basin,  their  ages,  and  their  water-bearing 
characteristics : 


Formation 

Sediments  of  the  Chico 
group 


Capay 


Tehama  formation  and 
related  continental 
sediments 


Cretaceous 


Eocene 


Plio- 


Water-bearing 
characteristics 

Relatively  impervious. 
Small  amounts  of  water 
encountered  are  generally 
saline 

Relatively  impervious  and 
nonwater  bearing  except 
along  fractures  and  joints 


Sediments  are  low  to 
Pleistocene  moderate  in  permeability 
but  yield  appreciable 
quantities  of  excellent 
quality  water  to  wells 
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Formation 


Water-bearing 
characteristics 


Older  alluvium 


Younger  alluvium 


Stream  channel 
deposits 


Pleistocene 


Recent 


Recent 


Basal  section  is  very 
pemneable  and  yields  large 
quantities  of  excellent 
quality  water.   Upper 
section  is  fine-grained 
and  low  in  permeability 

Deposits  are  moderate  in 
permeability  and  capable 
of  absorbing  and  trans- 
mitting rainfall  and 
excess  irrigation  water  to 
the  underlying  formations 

Coarse  sand,  gravels,  and 
cobbles  of  high  permeability 


Alluvium  blankets  almost  all  of  the  Cache  Creek  Service 
Area.   Coarse  alluvial  or  stream  channel  deposits  are  fairly  well 
defined  along  Cache  Creek  from  Esparto  to  the  Dunnigan  Hills, 
East  of  the  Dunnigan  Hills  the  coarse  channel  deposits  fan  out 
and  do  not  lie  in  a  single,  well-defined  train.   The  coarse  well- 
sorted  gravelly  deposits  are  as  much  as  150  feet  thick  near 
Woodland,  but  farther  west  the  base  of  the  gravel  apparently 
rises,  and  the  gravelly  deposits  may  be  only  about  4o  feet  thick 
in  the  constriction  between  the  Dunnigan  Hills  and  the  Plainfield 
Ridge.   The  location  of  the  Plainfield  Ridge  is  shown  on  Plate  4, 
How  much  of  these  deposits  is  of  Recent  age  is  not  known,  but  the 
materials  at  the  land  surface  obviously  are  Recent, 

In  the  Cache  Creek  Service  Area,  ground  water  is  stored 
in  two  poorly  defined  zones.   The  upper  zone  is  comprised  of 
permeable  stream  channel  deposits  and  younger  and  older  alluvium; 
the  semiconfined  lower  zone  consists  of  a  thick  section  of 
variably  consolidated  Tehama  formation  and  related  continental 
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sediments  which  underlie  the  area.   Studies  show  that  wide 
variation  exists  between  water  levels  In  adjacent  deep  and 
shallow  wells  during  and  Immediately  after  the  pumping  season, 
but  the  levels  recover  to  approximately  equal  elevations  after 
winter  recharge.   This  means  that  the  zones  are  not  well  defined 
or  separated  from  one  another. 

Useable  ground  water  In  the  Cache  Creek  Service  Area 
generally  moves  In  a  southeasterly  direction  toward  the  Sacramento 
River,   Replenished  by  percolation  of  rainfall  and  surface  run- 
off, the  ground  water  moves  down  the  slope  of  the  gently  dipping 
Tehama  formation  and  related  continental  sediments  into  the 
valley.  Anomalous  water  levels,  and  the  presence  of  occasional 
falling  water  in  wells,  are  evidence  of  the  variable  characteristics 
of  the  water-bearing  deposits  in  these  sediments »   In  the  younger 
and  older  alluvium,  ground  water  movement  is  retarded  by  the 
Plainfield  Ridge.   This  ridge,  actually  formed  by  two  ancient 
flexures  in  the  Tehama  formation,  is  partially  burled  by  younger 
sediments.   Easterly  ground  water  movement  is  slowed  down  through 
the  Plainfield  Ridge  and  seems  to  be  partially  diverted  to  the 
south. 

Specific  Yield  and  Ground  Water 
Storage  Capacity 

The  term  "specific  yield"  refers  to  the  ratio  of  the 

volume  of  water  that  saturated  soil  will  yield  by  gravity,  to 

its  own  volume,  and  is  expressed  as  a  percentage.   Ground  water 

storage  capacity  is  estimated  as  the  product  of  the  specific  yield 

and  the  volume  of  material  in  the  depth  Interval  considered. 


-43- 


Generally,  useable  ground  water  storage  capacity  is 
limited  to  zones  of  unconfined  ground  water,  wherein  fluctuations 
in  water  levels  represent  an  increase  or  decrease  in  the  actual 
volume  of  water  in  storage.   This  is  in  contrast  to  zones  of 
confined  ground  water,  wherein  fluctuations  in  water  levels 
generally  represent  only  changes  in  piezometric  surface  eleva- 
tions, and  do  not  indicate  changes  in  ground  water  storage. 
Although,  as  stated,  many  wells  in  the  Cache  Creek  Service  Area 
exhibit  semiconfined  characteristics,  ground  water  is  generally 
unconfined  on  an  areal  basis,  and  fluctuations  in  water  levels 
are  considered  to  be  representative  of  changes  in  ground  water 
storage. 

Determination  of  specific  yield  involves  the  evaluation 

of  physical  characteristics  of  the  several  types  of  water-bearing 

materials  generally  found  in  alluvial  formations,  of  which  the 

Cache  Creek  Service  Area  may  be  considered  a  typical  example. 

Values  of  specific  yield  for  each  of  the  several  principal 

classifications  of  materials  were  taken  from  estimates  published 

in  State  Water  Resources  Board  Bulletin  No,  1,  and  are  shown  in 

the  following  tabulation. 

Specific  yield. 
Material  in  percent 

Gravel  25 

Sand,    including   sand  and    gravel  20 

Fine   sand,    tight   sand,    sand- 
stone and   related  deposits  10 

Clay  and  gravel,    cemented 

gravel   and   related  deposits  5 

Clay,    silt,    sandy   clay,    and 

related   fine-grained  deposits  3 


-44- 


utilizing  the  foregoing  specific  yield  characteristics, 
the  logs  of  several  hundred  wells  were  analyzed  to  determine  the 
average  specific  yields  of  individual  wells  by  depth  intervals 
from  20  to  50  feet,  50  to  100  feet,  100  to  200  feet,  and  for  the 
entire  interval  from  20  to  200  feet  below  ground  surface.   Total 
ground  water  storage  capacity  was  determined  for  each  specific 
depth  interval  as  the  product  of  the  weighted  average  specific 
yield  for  the  particular  interval,  in  percent,  the  depth  range 
of  the  interval,  in  feet,  and  the  area  studied,  in  acres. 

Storage  capacity  of  the  ground  water  basin  underlying 
the  Cache  Creek  Service  Area  and  the  weighted  average  specific 
yield  for  the  stated  depth  intervals  are  shown  in  Table  9o   It 
will  be  noted  in  Table  9  that  the  estimates  are  shown  separately 
for  Capay  Valley  and  the  remainder  of  the  Cache  Creek  Service 
Area,  which  is  designated  the  "lower  Cache  Creek  area".   Because 
of  the  subsurface  geologic  configuration  in  Capay  Valley,  indicated 
ground  water  storage  capacity  was  reduced  by  20  percent. 


TABLE  9 

ESTIMATED  WEIGHTED  AVERAGE  SPECIFIC  YIELD 
AND  GROUND  WATER  STORAGE  CAPACITY, 
CACHE  CREEK  SERVICE  AREA 


Depth 

Spec 

;ific 
perc 

■  yield, 
-ent 

Ground  wa 
capacity. 

ter  storage 
acre-feet 

interval, 
in  feet 

Capay  Va] 

-ley : 

Lower  Cache 
Creek  area 

Capay  Valle 

: Lower  Cache 
y: Creek  area 

20  -      50 

9.9 

7.9 

32,700 

386,000 

50  -   100 

5.0 

7.7 

27,500 

627,000 

100   -   200 

4.5 

7.8 

39,600 

1,271,000 

20   -    200 

6.2 

7.8 

99,800 

2,284,000 
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Yield  of  Wells 

Wells  capable  of  producing  sufficient  water  for  agri- 
cultural, industrial,  and  municipal  purposes  may  be  drilled 
throughout  most  of  the  Cache  Creek  Service  Area,   Highest  yields 
are  usually  obtained  from  wells  extracting  water  from  the  older 
alluvium,  especially  in  proximity  with  the  readily  recharged 
gravels  of  Cache  Creek.   Aquifers  in  the  Tehama  formation  are  for 
the  most  part  not  as  permeable  as  those  in  the  older  alluvium; 
consequently,  deeper  wells  are  usually  required  to  produce 
comparative  yields. 

Data  on  the  yield  and  specific  capacity  of  wells  in  the 
Cache  Creek  Service  Area  are  presented  in  Table  10,  which  summa- 
rizes data  obtained  from  well  pumping  tests  made  by  the  Pacific 
Gas  and  Electric  Company,   The  term  "specific  capacity"  refers 
to  the  number  of  gallons  per  minute  produced  by  a  pumping  well 
per  foot  of  drawdown.   The  term  "drawdown"  refers  to  the  depth  of 
lowering  of  the  water  level  in  a  well  caused  by  pumping.   In 
comparison  with  statewide  averages,  the  average  specific  capacity 
of  wells  in  the  Cache  Creek  Service  Area  is  excellent, 

TABLE  10 

YIELD  AND  SPECIFIC   CAPACITY   OF   WELLS 
IN   CACPIE   CREEK  SERVICE   AREA 


:      Maximum      :      Average      :  : 

Number    :   discharge, :    discharge    :Maximum    :Average 
of  wells:(in  gallons:(in  gallons rspecific rspecific 
tested    :per  minute ):per  minute) : capacity : capacity 


Lower  Cache 

Creek  area 

180 

3,150 

1,150 

500 

79 

Capay  Valley 

14 

1,410 

660 

350 

91 
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Ground  Water  Measurements 

Records  of  ground  water  level  measurements  In  the  Cache 
Creek  Service  Area  date  back  to  1912  when  the  U.  S.  Geological 
Survey  investigated  the  geology  and  ground  water  resources  of  the 
Sacramento  Valley,   Since  that  time  ground  water  levels  have  been 
measured  periodically  by  various  interested  agencies,  principally 
since  1930.   Of  particular  significance  to  this  current  investi- 
gation is  the  record  of  semiannual  measurements  of  a  grid  of  wells 
maintained  since  1931  by  the  Yolo  County  Farm  Advisor.   A  list  of 
the  agencies  which  have  measured  wells  in  the  Cache  Creek  Service 
Area  prior  to  the  current  investigation  is  shown  in  Table  11, 
together  with  the  frequency  of  measurement  and  the  period  of  record, 
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TABLE  11 


GROUND  WATER  MEASUREMENTS  AVAILABLE 
IN  CACHE  CREEK  SERVICE  AREA 


Agency 


Period  of  record 


Frequency  of 
measurement 


State  Department  of 
Water  Resources 


U.  S.  Geological 
Survey 


University  of 
California 
(Davis  campus) 

U.  S.  Bureau  of 
Reclamation 

Yolo  County  Farm 
Advisor 

City  of  Davis 

City  of  Woodland 

Private  owners 


1929-19^1 
1952  to  date 
1951-1953,  1958  to  date 
1951-195^ 

1912-1913 

19^8-1950 

1948-1951,  1958  to  date 

1948-1951 

1931-19^2 

1952  to  date 

1931  to  date 

1950  to  date 
1948  to  date 
Various 


Annually 
Semiannually 
Monthly 
Weekly 

Annually 
Semiannually 
Monthly 
Weekly 

Semiannually 


Monthly  and 
Semiannually 

Semiannually 


Weekly 

Monthly 

Annually 


The  Division  of  Water  Resources  made  weekly  measurements 
at  a  grid  of  35  key  wells  during  the  period  from  1951  through 
1953  and,  in  addition,  installed  and  operated  continuous  water 
stage  recorders  at  selected  wells  to  provide  additional  informa- 
tion on  fluctuations  of  the  water  table.   During  the  current 
investigation  the  department  made  monthly  and  semiannual  measurements 
at  4o  wells  along  several  lines  extending  outward  from  Cache 
Creek,   These  measurements  supplemented  the  semiannual  measurements 
at  183  wells  in  1958  and  I87  wells  in  1959,  made  by  the  Yolo 
County  Farm  Advisor.   The  purpose  of  these  measurements  was  to 
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observe  the  behavior  of  the  ground  water  basins  under  varying 
conditions  of  draft  and  recharge,  and  the  percolation  charac- 
teristics of  Cache  Creek.   Records  of  well  measurements  made 
during  the  current  investigation  are  on  file  with  the  department. 

Depths  to  ground  water  throughout  the  Cache  Creek 
Service  Area,  as  measured  during  the  fall  of  1959,  were  plotted 
on  a  map  and  lines  of  equal  depth  were  drawn.   This  is  shown  on 
Plate  5,  entitled  "Lines  of  Equal  Depth  to  Ground  Water,  Fall  of 
1959".   Plate  6,  entitled  "Lines  of  Equal  Elevations  of  Ground 
Water,  Spring  of  1959",  and  Plate  7,  entitled  "Lines  of  Equal 
Elevation  of  Ground  Water,  Fall  of  1959",  were  prepared  by  sub- 
tracting depths  to  ground  water  from  elevations  of  the  measuring 
points  above  sea  level.   While  lines  of  equal  depths,  such  as 
shown  on  Plate  5,  serve  as  a  useful  guide  in  determining  approxi- 
mate static  depths  to  the  water  table  for  any  particular  area,  it 
must  be  remembered  that  any  operating  pump  causes  a  cone  of  de- 
pression, or  drop,  in  the  surrounding  water  table,  and  that  this 
additional  lowering  must  be  added  to  the  static  depths  to  determine 
total  pumping  lifts. 

Lines  of  equal  elevation,  as  shown  on  Plates  6  and  7, 
are  more  revealing  than  lines  of  equal  depth,  in  that  they  indicate 
the  generally  west  to  east  direction  of  ground  water  movement;  re- 
charge areas,  such  as  those  adjacent  to  Cache  Creek;  effects  of 
pumping  withdrawals,  such  as  around  the  City  of  Davis;  and  the 
influence  of  such  subsurface  features  as  the  Plainfield  Ridge, 
which  restricts  movement  of  ground  water,  causing  the  contours  to 
be  steepened. 
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Ground  Water  Levels 

Ground  water  levels  in  the  Cache  Creek  Service  Area 
undergo  monthly  and  annual  fluctuations  in  compensating  for  the 
seasonal  and  cyclic  unbalance  between  replenishment  and  draft. 
This  fluctuation  is  exemplified  in  Table  12,  which  shows  recorded 
spring  and  fall  depths  to  ground  water  over  the  past  20  to  30 
years  at  selected  wells  considered  to  be  representative  of  the 
Cache  Creek  Service  Area.   Fluctuations  in  depth  to  ground  water 
at  certain  of  the  wells  shown  in  Table  12  are  illustrated  graphi- 
cally on  Plate  8,  entitled  "Measured  Depths  to  Water  at  Selected 
Wells".   The  locations  of  these  wells  are  shown  on  Plate  7.   Be- 
havior of  these  typical  wells  is  briefly  discussed  in  the  following 
paragraphs. 

The  hydrograph  of  well  number  9N/2E-16E1,  located  3.5 
miles  due  south  of  Woodland  in  an  area  of  historically  heavy 
pumping,  indicates  that  water  levels  remained  relatively  constant 
until  19^7,  except  for  periods  of  heavy  recharge  during  the  early 
19^0's,   After  19^6,  however,  increased  agricultural  pumping, 
combined  with  reduced  recharge  during  the  drought  period  of  the 
latter  19^0' s,  caused  levels  to  drop  until  heavy  recharge  in  the 
years  1952-195^  and  1956-1958  again  caused  a  rise  in  elevation. 

Well  number  10N/1W-9E1  was  selected  as  typifying  water 
levels  in  the  Hungry  Hollow  area.   Its  hydrograph  reflects  the 
cyclic  variation  of  water  supply  more  than  the  variation  in  annual 
pumping  draft.   Ground  water  levels  in  this  area  have  risen  and 
remained  above  those  of  the  early  1930' s.   In  four  out  of  the  last 
six  spring  measurements,  the  water  table  in  this  particular  well 
has  been  at  least  15  feet  above  that  of  193^« 
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TABLE  12 


DEPTHS  TO  GROUND  WATER  IN  REPRESENTATIVE  WELLS 
CACHE  CREEK  SERVICE  AREA 


(In  feet) 


8N/1W- 

:  8N/1E- 

:  9N/1E- 

:  9N/2E- 

lON/lV- 

:  lON/lW- 

:  15M/5E- 

:  11M/5W- 

Well  number           : 

22D1 

:   15B1 

:   28P1 

:   I6EI'' 

9E1'> 

:   29Mlb 

:   21M2° 

:   15Glb 

Elevation  of  land  surface.  In  feet: 

126 

:  83.148 

:   101 

:   53 

lb7.0 

:   165. J« 

:    52 

:   330.8 

Depth  of  well.  In  feet      : 

78 

:  116.7 

:   4V.5 

:   170 

:    80 

:    50 

:   Ioo!o 

Date 

Spring  1913 

27.0' 

Fall  1931 

'♦3.0 

25.2 

24.4 

13.7 

Spring  1932 

.... 

22.6 

14.4 

.»• 

_-.- 

Pall  1932 

40.1 

24.1 

18.4 

21.8 

12.4 

Spring  1933 



23.2 

18.7 

22.3 



Pall  1933 

44.3 

26.1 

20.0 

26.3 

15.2 

20.6 

Spring  193" 



26.0 

20.8 

25.8 

13. t 

13.7 

Pall  193t 

45.2 

27.0 

20.7 

26.2 

14.2 

21.7 

Spring  1935 



25.1 

20.1 

22.4 

13.1 

15.7 

Pall  1935 



25.8 

17.5 

17.7 
l4.8 

21.8 

13.0 

18.2 

Spring  1936 

23.8 

16.0 

17.8 

10.8 

12.5 

Pall  1936 

34.2 

23.7 

13.0 

15.5 

17.8 

9.7 

16.0 

Spring  1937 



21.6 

11.0 

12.3 

13.1 

6.2 

10.6 

Pall  1937 

37.1 

22.6 

10.0 

14.3 

11.5 

8.5 

16.0 

Spring  1938 



9.2 

15.5 

7.6 

^•^ 

7.8 

Pall  1938 



19.9 

11.0 

12.2 

10.0 

7.8 

12.7 

Spring  1939 

32.3 

21.5 

11.0 

16.2 

11.8 

12.7 

12.7 

Pall  1939 



23.1 

15.6 

18.1 

18.4 

10.2 

18.3 

Spring  19'*0 



20.7 

11.9 

13. '» 

10.5 

6.0 

10.0 

Pall  19'*0 



21.8 

10.0 

18.2 

11.0 

13.3 

16.4 

Spring  19tl 

13.8 

6.9 

6.6 

5.0 

t.3 

7.1 

Pall  19'*1 



17.9 

8.5 

12.7 

7.9 

8.3 

12.5 

Spring  1912 





7.1 

8.5 

6.2 

5.1 

7.4 

Pall  19'»2 



17.8 

7.6 

10.9 

3.9 

6.0 

12.2 

Spring  19'*3 







7.7 

6.7 

t:l 

8.8 

Pall  19'*3 







9.'* 

4.2 

13.2 

Spring  19'*'* 







10.0 

9.8 

7.4 

10.5 

Fall  19'*'* 







14.4 

9.2 

5.5 

14.2 

Spring  1915 







13.1 

10.8 

6.2 

10.7 

Fall  19^*5 





16.9 
16.4 

1:1 

5.2 

16.0 

Spring  19t6 







6.3 

11.3 

Pall  19t6 



11.7 

6.2 

5.1 

17.1 

Spring  19'*7 







16.6 

12.4 

8.7 

14.8 

Fall  ig"? 

43.4 





21.7 

17.8 

10.1 

19.2 

Spring  19^8 







19.2 

17.2 

10.4 

18.2 

Fall  ig'tS 



24.2 



28.2 

12.4 

10.1 

24.3 

Spring  19'*9 

43.4 

24.7 



27.1 

10.5 

8.2 

18.3 

Fall  ig'tg 

'*5.9 

26,9 



35.5 

10.6 

10.1 

27.0 

Spring  1950 

41.9 

26.0 



40.7 

11.5 

9.9 

22.1 

Fall  1950 

48.8 

27.6 



37.1 

17.1 

12.8 

30.7 

Spring  1951 



25.4 



33.5 

10.8 

7.0 

23.2 

Pall  1951 

41.9 

27.9 

10.6 

39. 'i 

10.0 

7.8 

28.9 

Spring  1952 

25.5 



41,8 

7.7 

5.5 

16.0 

Pall  1952 

41.5 

26.4 

9.6 

3J*.7 

7.2 

4.4 

25.3 

Spring  1953 

37.6 
48.2 

24.6 

8.7 

22.7 

5.2 

5.5 

16.0 

18,1 

Pall  1953 

27.0 

9.6 

31.5 

10.6 

5.8 

25.5 

25.5 

Spring  195'* 

39.2 

26.7 

9.7 

22.8 

12.3 

7.0 

18.3 

19.1 

Pall  1951* 

52.9 
45.9 

27.6 
28.6 

11.4 

35.0 

10.1 

10.0 

26.5 

23.6 

Spring  1955 

11.4 

33.8 

10.5 

10.8 

23.1 

25,8 

Fall  1955 

58.5 

31.7 

13.3 

40.6 

17.7 

15.0 

30.2 

25.8 

Spring  1956 

46.8 

25.5 

10.5 



9.7 

5.5 

18.5 

21.8 

Pall  1956 



27.6 

35.0 

18.0 

9.0 

25.0 

23.5 

Spring  1957 

48.4 

29.3 

.... 

.... 

20.5 

8.0 

27.0 

21.5 

Pall  1957 



32.4 



40.4 

19.2 

— 

30.3 

23.6 

Spring  1958 

.... 

24.7 

20.8 

8.1 

6.5 

23.0 

12.7 

Pall  1958 

.... 

27.2 
28.1 

.... 

32.1 

15.8 

12.1 

20.9 

22.4 

Spring  1959 





20.7 

12.3 

8.0 

17.7 

19.2 

Pall  1959 



29.6 





21.3 

14.1 

26.2 

23.3 

Spring  i960 



32.2 



30.8 

20.1 

11.0 

27.0 

Fall  i960 

a    -   Ttils  measurement   from  United   States   Geological   Survey 
Water  Supply   Paper  495. 

b   -   Measurements   from  Yolo  County  Farm  Advisor. 
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The  hydrograph  of  well  number  10N/1W-29M1,  located 
about  2  miles  west  of  Madison,  shows  the  least  long-time  fluctua- 
tion anywhere  in  the  Cache  Creek  Service  Area.   Heavy  surface 
application  of  water  in  combination  with  limited  percolation  from 
Cache  Creek,  plus  the  fact  that  eastward  flow  is  restricted  by 
the  Plainfield  Ridge,  all  tend  to  keep  the  water  table  high  and 
relatively  stable. 

Well  number  11N/3W-15G1,  located  about  1.5  miles  south 
of  Guinda,  was  selected  to  show  average  fluctuation  of  ground 
water  levels  in  Capay  Valley.   While  there  are  no  long-term 
records  in  this  area,  measurements  having  been  initiated  in  1953j 
fall  to  spring  recovery  appears  to  reflect  the  relative  wetness 
of  the  winter,  and  there  is  no  indication  that  drawdown  during  the 
irrigation  season  exceeds  the  average  annual  replenishment. 

As  indicated  in  Table  12  and  on  Plate  8,  spring  measure- 
ments, normally  being  made  at  the  end  of  the  recharge  season  and 
before  the  pumping  season  begins,  represent  maximum  elevations  of 
the  water  table  in  any  given  year.   Conversely,  fall  measurements, 
usually  made  at  or  near  the  end  of  the  pumping  season  and  prior 
to  the  recharge  season,  represent  the  minimum  elevation  of  the 
water  table  for  that  year. 

A  comparison  of  the  earliest  available  ground  water 
elevation  map  for  the  Cache  Creek  Service  Area,  showing  levels 
in  1912,  with  a  map  depicting  present  (1959)  levels,  indicates 
that  the  past  and  present  configuration  of  contours  is  practically 
identical,  although  present  water  levels  generally  are  lower.   In 
1912-13,  ground  water  elevations,  referenced  to  mean  sea  level, 
U.  S.  Geological  Survey  datum,  were  about  50  feet  near  Woodland, 
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30  feet  near  Davis,  100  feet  near  Winters,  and  l40  feet  near 
Madison.   Even  at  that  early  date,  it  was  evident  that  formations 
comprising  the  Plainfield  Ridge  were  obstructing  ground  water 
movement  to  the  east.   Recent  ground  water  elevation  maps  de- 
picting fall  levels  (Plate  7)  indicate  the  presence  of  several 
ground  water  depressions,  especially  around  or  near  such  cities 
as  Davis  and  Woodland.   Increases  in  pumping  east  of  the  Plainfield 
Ridge  have  steepened  the  gradient  across  this  obstruction  so  that 
the  effect  of  this  ridge  is  apparent  from  Cache  Creek  to  Putah 
Creek. 

It  is  interesting  to  note  that,  except  for  those  locali- 
ties bordering  the  ground  water  area,  the  greatest  depth  to  ground 
water  occurs  about  5  miles  west  of  Woodland.   This  trough  or  de- 
pression is  caused  by  Increased  pumping  plus  the  fact  that  ground 
water  movement  is  restrained  in  and  through  the  Plainfield  Ridge. 
The  large  area  northeast  of  Winters  and  west  of  the  Plainfield 
Ridge  has  historically  had  shallow  depths  to  water.   The  larger 
part  of  this  area  south  of  State  Highway  l6  has  been  under  surface 
water  irrigation  for  a  considerable  length  of  time. 

From  a  study  of  all  available  well  measurements,  esti- 
mates were  made  of  the  approximate  average  depth  to  ground  water 
in  the  Cache  Creek  Service  Area  in  the  fall  of  each  year  since 
1931)  except  for  Capay  Valley,  for  which  measurements  commenced 
in  1953.   These  average  fall  depths  are  shown  in  Table  13,  and  are 
depicted  graphically  on  Plate  8,   The  fluctuations  indicated  by 
the  tabulation  and  graph  result  from  a  combination  of  three  factors, 
namely:  the  wetness  of  the  year  with  resultant  winter  recharge;  the 
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magnitude  of  surface  diversions,  with  resultant  summer  season 
recharge;  and  the  magnitude  of  ground  water  draft.   It  can  be 
concluded  that  the  wetness  of  the  year  is  the  most  significant 
item  influencing  ground  water  levels,  because  of  the  increased 
replenishment  both  by  percolation  from  Cache  Creek  and  from 
precipitation,  and  by  percolation  from  the  abundant  surface 
diversions.   The  effect  of  wet  years  can  be  noted  by  the  sharp 
recovery  of  ground  water  levels  during  1939-^1*  1950-52,  1955-56, 
and  1957-58.   The  effect  of  the  heavy  increase  in  ground  water 
extraction  following  World  War  II  is  accentuated  by  the  years  of 
deficient  water  supply  during  the  latter  19^0' s. 

TABLE  13 

AVERAGE  FALL  DEPTH  TO  GROUND  WATER 

(In  feet) 

Yolo     :  Capay   : :      :     Yolo     :  Capay 
Year  :  Service  Area  :  Valley  ::  Year  :  Service  Area  :  Valley 


1931 

24.8* 

1932 

26.5* 

1933 

27.6* 

1934 

28.6 

1935 

23.6* 

1936 

22.8* 

1937 

21.0* 

1938 

17.4* 

1939 

24.0* 

19^0 

20.7* 

19^1 

16.9* 

19^2 

16.8* 

1943 

15.4* 

19^4 

19.0* 

1945 

19.0* 

1946 

18.9* 

1947 

25.1* 

1948 

28.0* 

1949 

29.6* 

1950 

35.3* 

1951 
1952 

28.5* 
23.9* 

1953 

26.9 

23.8 

1954 

31.6 

23.8 

1955 

35.9 

26.4 

1956 

31.0 

24.0 

1957 

34.5 

28.6 

1958 

26.2 

27.0 

1959 

34.9 

24.7 

*  From  Putah  Creek  Cone  Investigation. 

The  relationship  between  winter  season  recharge  and 
summer  season  pumping  draft  can  be  better  appreciated  by  reference 
to  the  graph  depicted  as  Figure  1.   This  graph,  which  illustrates 
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the  spring  and  fall  depths  to  water  during  the  6-year  study 
period,  reveals  some  interesting  characteristics  of  ground  water 
storage  basins,  in  general,  and  of  the  Cache  Creek  Service  Area, 
in  particular.   Primarily,  it  shows  that  variations  in  ground 
water  levels  from  year  to  year  are  a  function  not  only  of  pumping 
draft,  but  of  winter  recharge  as  well.   The  lowering  of  ground 
water  levels  in  the  fall  due  to  increased  pumping  is  not  in  itself 
indicative  of  overdraft;  the  significant  consideration  is  the 
degree  of  recovery  of  ground  water  levels  from  recharge  during 
the  ensuing  winter  months.   Moreover,  since  recharge  varies 
directly  with  the  available  water  supply  from  year  to  year, 
fluctuation  in  ground  water  storage  is  to  be  expected  in  accordance 
with  the  wetness  or  dryness  of  any  given  year  or  period  of  years. 

Figure  1  also  illustrates  the  close  relationship  between 
precipitation  and  surface  diversions  by  the  Clear  Lake  Water 
Company  during  the  first  3  years  of  the  8-year  period  shown.   This 
correlation  would  be  expected,  as  the  availability  of  water  for 
diversion  is  a  direct  function  of  precipitation.   However,  this 
relationship  does  not  hold  for  the  last  several  years  of  the  8- 
year  period,  due  primarily  to  the  change  in  cropping  patterns  and 
the  substantial  reduction  in  acreage  of  rice,  the  crop  of  greatest 
water  application.   It  will  be  noted  in  Figure  1  that  the  period 
of  surface  diversions  nearly  spans  the  rainless  summer  and  fall 
season.   The  substantial  ground  water  recharge  from  percolation 
of  canal  and  application  losses  from  surface  supplies,  particularly 
during  wetter  years,  definitely  reduces  the  fall  ground  water 
depths  that  otherwise  would  occur. 
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Change  In  Ground  Water  Storage 

To  secure  a  balance  between  the  items  of  water  supply 
and  water  disposal  In  the  Cache  Creek  Service  Area  during  the 
6-year  study  period,  it  was  necessary  to  determine  the  average 
annual  change  in  ground  water  storage  throughout  the  area  during 
that  period.   Available  data  on  ground  water  levels  during  the 
study  period,  utilized  in  conjunction  with  estimates  of  specific 
yield,  enabled  a  fairly  reliable  derivation  of  change  in  ground 
water  storage.   Further,  records  and  estimates  of  the  principal 
items  of  water  supply,  water  use,  and  change  in  ground  water 
storage  permitted  a  check  on  the  reasonableness  of  criteria  and 
assumptions  regarding  subsurface  outflow  and  withdrawals  from 
ground  water  storage  during  the  study  period,  and  enabled  the 
determination  of  safe  ground  water  yield  which  will  be  discussed 
in  an  ensuing  section  of  this  chapter. 

Changes  in  ground  water  storage  in  the  Cache  Creek 
Service  Area  were  estimated  by  multiplying  changes  in  elevation 
of  ground  water  by  the  product  of  the  areas  and  depth  intervals 
over  which  such  changes  occurred.   The  estimated  annual  changes 
from  fall  to  fall  for  the  6-year  study  period  are  shown  in 
Table  l4.   The  cumulative  change  in  ground  water  levels  during 
the  study  period  is  depicted  on  Plate  9,  entitled  "Lines  of  Equal 
Change  in  Ground  Water  Elevations  from  Fall  of  1953  to  Fall  of 
1959" . 
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TABLE  14 


ESTIMATED  ANNUAL  CHANGES  IN  GROUND 
WATER  STORAGE  IN  CACHE  CREEK  SERVICE  AREA 
DURING  SIX-YEAR  STUDY  PERIOD 


Average   change   in 

elevation  of  ground 

water  levels,    in   feet 

:           Total   change   in 
:   ground  water  storage, 
:             in  acre-feet 

Year 

Capay  Valley 

: Lower  Cache 
: Creek  area 

: Capay  Valley 

Lower  Cache 
Creek  area 

1953-54 

0.8 

-4.7 

900 

-60,500 

1954-55 

-1.1 

-4.3 

-1,200 

-55,300 

1955-56 

2.1 

+4.8 

2,300 

61,700 

1956-57 

-4.1 

-3.5 

-4,500 

-45,000 

1957-58 

1.1 

+8.3 

1,200 

106,800 

1958-59 

-1.6 

-8.7 

-1,700 

-111,900 

1953-1959 

-1.8 

-6.1 

-1,800 

-   79,500 

Average   for 
year  peri 

•  6- 
od 

-0.3 

-1.0 

-      300 

-   13,300 

Subsurface 

Inflov 

I  and  Outflow 

Ground  water  movement  is  a  function. of  the  slope  of  the 
water  table,  the  area  through  which  the  water  moves,  and  the 
permeability  of  the  water-bearing  materials.   Ground  water  contours 
Indicate  on  the  basis  of  slope,  that  subsurface  inflow  to  the 
Cache  Creek  Service  Area  occurs  in  the  underlying  Tehama  forma- 
tion.  However,  the  tributary  watershed  from  which  such  subsurface 
inflow  could  occur  is  quite  small;  therefore,  opportunity  for  sub- 
surface inflow  is  quite  limited.   Moreover,  any  subsurface  inflow 
which  would  occur  is  a  direct  function  of  precipitation  on  the 
tributary  watershed.   For  this  reason,  the  accretion  to  the  water 
supply  of  the  Cache  Creek  Service  Area  from  this  small  watershed 


was  evaluated  as  the  differential  between  total  precipitation  on 
the  watershed  and  consumptive  use  of  precipitation  by  the  water- 
shed vegetation. 

Subsurface  outflow  in  the  Cache  Creek  Service  Area 
derives  from  three  sources;  namely:  (l)  movement  of  ground  water 
to  the  southeast  toward  the  Yolo  Bypass,  (2)  ground  water 
movement  into  the  Putah  Creek  Channel  along  the  southerly  edge 
of  the  service  area,  and  (3)  percolation  from  Cache  Creek  out  of 
the  service  area  to  the  north.   The  latter  category  of  subsurface 
outflow  requires  further  explanation.   As  shown  on  Plate  6,  Cache 
Creek  defines  the  northerly  limits  of  the  Cache  Creek  Service  Area 
from  the  Dunnigan  Hills  eastward.   The  greater  portion  of  percola- 
tion from  Cache  Creek  in  this  reach  moves  southward  and  consti- 
tutes a  supply  to  the  Cache  Creek  Service  Area.   However,  the 
percolation  which  moves  to  the  north  is  not  available  for  use  in 
that  area  . 

It  has  been  determined  that  subsurface  outflow  from  the 
Cache  Creek  Service  Area  is  relatively  constant  from  year  to  year. 
The  average  annual  outflow  from  these  sources  is  shown  in  the 
following  tabulation: 


Cache  Creek  percolation  to 
the  north 

Rising  water  in  Putah  Creek 
to  the  south 

Subsurface  outflow  to  the 
southeast 


Average   for 
year  study   per 
in  acre-fee 

6- 

•iod, 

t 

Mean,    in 
acre-feet 

9,600 

6,700 

4,000 

4,000 

7,300 

7,300 

Totals  20,900  18,000 
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Water  Quality 

Mineral  quality  of  the  water  resources  of  the  Clear  I^ke- 
Cache  Creek  Basin  has  been  considered  with  respect  to  suitability 
for  agricultural  and  urban  uses.   In  general,  surface  water  in  the 
basin  may  be  described  as  a  moderately  hard  calcium  bicarbonate 
water.   While  the  water  normally  would  be  classified  as  excellent 
for  all  uses,  the  presence  of  boron  limits  its  use  for  agriculture 
in  many  areas.   Concentrations  of  boron  are  greatest  during  low 
summer  flows,  but  are  substantially  diluted  by  high  spring  and 
winter  flows.   Numerous  mineral  hot  springs  tributary  to  Cache 
Creek  constitute  the  main  source  of  this  degradation. 

Criteria  for  Quality  of  Water 

Suitability  of  water  for  irrigation  use  is  classified 
in  accordance  with  four  principal  mineral  constituents.   These 
are:   (l)  total  dissolved  mineral  solids,  (2)  chloride  concentra- 
tion, (3)  sodium  in  percent  of  base  constituents,  and  (4)  boron 
concentration.   Utilizing  these  criteria,  irrigation  waters  have 
been  divided  into  three  broad  classes,  based  upon  work  done  by 
the  regional  salinity  laboratories  of  the  U.  S.  Department  of 
Agriculture  in  cooperation  with  the  University  of  California. 

Class  1   Excellent  to  good,  or  suitable  for 
most  crops  under  most  conditions 

Class  2   Good  to  injurious,  or  harmful  to 

some  plants  under  certain  conditions 

Class  3   Injurious  to  unsatisfactory,  or  harmful 
to  most  plants  under  most  conditions 
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Tentative  criteria  for  evaluation  of  irrigation  waters 
under  the  three  broad  classes,  taking  Into  account  the  four 
mineral  constituents,  are  listed  In  the  following  tabulation: 


Chemical 
properties 


Class  1 

Excellent 

to  good 


Total  dissolved 

solids  in  ppm  Less  than  700 


Conductance,  in 

mlcromhos  at 

o 
25  C 

Chlorides  in 

ppm 

Sodium  in 
percent  of 
base  con- 
stituents 

Boron   in  ppm 


Less   than   1,000 
Less   than   175 

Less   than  60 
Less   than   0,5 


Class  3 

Injurious 
to  unsatis- 
factory 

Class    2 

Good   to 

Injurious 


700  -   2,000     More   than   2,000 


1,000   -   3,000     More   than   3,000 


175   -   350  More   than  350 


60  -  75 
0.5  -  2.0 


More  than  75 
More  than  2.0 


These  criteria  have  limitations  in  actual  practice.   In 
many  Instances  a  water  may  be  wholly  unsuitable  for  irrigation 
under  certain  conditions  of  use,  and  yet  be  completely  satis- 
factory under  other  circumstances.   Consideration  also  should  be 
given  to  soil  permeability,  drainage,  temperature,  humidity, 
rainfall,  and  other  conditions  that  can  alter  the  response  of  a 
crop  to  a  particular  quality  of  water. 

Although  hardness  of  water  generally  is  not  a  factor  In 
considering  the  suitability  of  water  for  irrigation  uses,  it  is 
of  considerable  importance  in  domestic  and  industrial  uses.   Hard- 
ness, depending  upon  its  degree,  causes  curdling  and  Increased 
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consumption  of  soap,  deposition  of  scale  on  boilers,  injurious 
effects  in  certain  industrial  processes,  and  sometimes  objection- 
able taste.   The  following  tabulation  for  degrees  of  hardness  has 
been  suggested  by  the  U.  S.  Geological  Survey. 


Range  of  hardness, 
expressed  as  CaCOo 

in  parts  per  million 

0-55 
56  -  100 
100  -  200 
More  than  200 


Relative  classification 

Soft 

Slightly  hard 

Moderately  hard 

Very  hard 


The  following  tabulation  gives  the  limiting  concentra- 
tions of  mineral  constituents  for  drinking  water,  as  proposed  by 
the  U.  S.  Public  Health  Service,  and  adopted  by  the  State  of 
California. 

U.  S.  Public  Health  Service 

Drinking  Water  Standards 
19^6 


Constituent 

Lead 

Fluoride 

Arsenic 

Selenium 

Hexavalent  chromium 


Copper 

Iron  and  manganese 

together 
Magnesium 
Zinc 

Chloride 
Sulfate 

Phenolic  compounds 
Total  solids  -  desirable 
-  permitted 


Mandatory  limit,  in  ppm 

0.1 

1.5 

0.05 

0.05 

0.05 

Nonmandatory,  but 
recommended  limit 

3.0 

0.3 

125 
15 

250 

250 
0.001 

500 
1,000 
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Water  Quality  Characteristics 

Characteristics  of  quality  of  waters  are  discussed  in 
this  section  for  streams  tributary  to  Clear  Lake, 
North  Fork  Cache  Creek,  Bear  Creek,  Cache  Creek,  and  the  ground 
water  basin  underlying  the  Cache  Creek  Service  Area. 

Analyses  of  water  from  streams  tributary  to  Big  Valley, 
Scott  Valley,  and  the  Upper  Lake  area  show  that  these  waters  are 
a  calcium  or  calcium-magnesium  bicarbonate  type,  with  slight  to 
moderate  hardness.   These  waters  do  not  contain  significant  amounts 
of  boron  and  are  of  excellent  quality,  suitable  for  most  beneficial 
purposes.   A  single  analysis  of  a  sample  taken  on  Seigler  Creek, 
west  of  Lower  Lake,  shows  a  moderately  hard,  sodium  bicarbonate 
water.   This  supply  would  be  of  excellent  quality,  except  for  the 
presence  of  boron  which  indicates  a  Class  2  irrigation  water. 

Clear  Lake  water  is  a  calcium  or  calcium-magnesium 
bicarbonate  type  of  moderate  hardness  with  a  percent  sodium 
generally  less  than  20,   Boron  ranges  from  0,43  to  2,3  parts  per 
million  (ppm)  and  averages  1.1  ppm,  while  hardness  ranges  from  95 
to  237  ppm  with  an  average  of  1^2  ppm.   Here  again,  the  presence 
of  boron  places  the  water  in  Class  2  for  irrigation.   Analyses  of 
boron  content  from  water  taken  at  various  points  around  Clear  Lake 
indicate  an  unknown  source  of  boron  somewhere  between  Sulphur 
Bank  Point  and  Lower  Lake.   Concentrations  of  boron  in  the  lake 
have  been  observed  to  decrease  with  large  inflows  and  to  increase 
with  small  Inflows.   Also,  a  high  lake  level  is  characterized  by 
a  lower  concentration  of  boron  than  is  a  low  lake  level.   Such 
changes  in  boron  content  may  be  considered  to  be  the  result  of 
dilution  by  Inflow  and  concentration  by  evaporation. 
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Runoff  from  the  upper  watersheds  of  the  North  Fork  of 
Cache  Creek  above  the  junction  with  Soap  Creek  is  a  soft  to 
moderately  hard  calcium  bicarbonate  type  water  of  excellent  quality. 
The  mineral  content  of  North  Fork  Cache  Creek  Is  increased  con- 
siderably by  flows  from  tributary  streams  such  as  Soap,  Bartlett, 
Stanton,  Catenberg,  and  Wolf  Creeks.   These  streams  add  extremely 
high  concentrations  of  sodium,  chlorides,  boron,  and  total  dis- 
solved solids  during  periods  of  low  flow.   Runoff  following  the 
first  fall  rains  is  also  high  in  mineral  content. 

The  quality  of  water  in  North  Fork  Cache  Creek  above 
its  Junction  with  Cache  Creek  has  been  determined  from  monthly 
samples  taken  during  the  period  from  April,  1938  to  September, 
19^1,  at  the  U.  S.  Geological  Survey  stream  gaging  station  2.5 
miles  above  the  Highway  No,  20  bridge.   Analyses  of  these  samples 
show  the  water  to  be  of  a  very  hard  sodium  bicarbonate  type  during 
low  flow,  but  of  a  calcium  bicarbonate  type  during  periods  of  high 
flow.   The  high  concentrations  of  boron  in  water  of  the  North  Fork 
during  low  flow  conditions  places  this  water  in  Class  3  for  irri- 
gation; however,  the  water  would  meet  Class  2  criteria  during  the 
high  winter  and  spring  flows,   A  summary  of  the  ranges  of  signifi- 
cant mineral  constituents  from  these  analyses  is  shown  in  the 
following  tabulation: 

Range  Average 

Sodium  7  to  72  ppm  37  ppm 

Chloride  4  to  167  ppm  56  ppm 

Boron  0.3  to  7.2  ppm  3.3  ppm 

Total  dissolved  solids       48  to  558  ppm  295  Ppm 

Percent  sodium  17  to  33  percent         25  percent 

Total  hardness  68  to  399  Ppm  225  Ppm 
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Water  In  the  uppermost  reaches  of  Bear  Creek  appear  to 
be  excellent  for  irrigation  purposes.   However,  quality  of  water 
in  lower  Bear  Creek  becomes  poor  due  to  the  presence  of  many 
mineral  springs  along  the  western  slope  of  Bear  Valley.   One  of 
the  main  sources  of  the  highly  mineralized  water  is  Sulphur  Creek, 
along  which  is  located  the  old  resort  of  Wilbur  Springs.   ITne 
waters  of  Bear  Creek  below  Sulphur  Creek  Junction  show  the  same 
type  of  highly  mineralized,  very  hard,  sodium  bicarbonate  water, 
containing  excessive  chlorides,  boron,  and  percent  sodium  that  is 
present  in  Sulphur  Creek.   The  following  tabulation  shows  ranges 
of  mineral  constituents  in  waters  of  Bear  Creek  below  Wilbur 
Springs  bridge,  based  upon  analyses  of  17  samples  taken  from  June, 
1938  to  November,  1939. 

Mineral  constituents  Range  Average 

Sodium  313  to  9^0  ppm  692  ppm 

Chloride  403  to  1,500  ppm  89^  Ppm 

Boron  9.4  to  3^  ppm  21  ppm 

Total  dissolved  solids      1,231  to  3,^58  ppm        2,202  ppm 
Percent  sodium  58  to  8I  ppm  73  PPm 

Total  hardness  473  to  571  ppm  511  ppm 

Analyses  of  water  samples  taken  from  Bear  Creek  down- 
stream from  Wilbur  Springs  at  Highway  No.  20  bridge  and  at  the 
Junction  of  Cache  Creek  show  a  somewhat  better  quality  water  than 
in  the  foregoing  tabulation,  but  still  of  sufficient  boron  content 
to  place  it  in  Class  3  for  irrigation.   Undoubtedly  Bear  Creek  is 
one  of  the  major  sources  of  detriment  to  the  quality  of  water  in 
Cache  Creek. 
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Mineral  quality  of  water  of  the  main  stem  of  Cache  Creek 
has  been  studied  from  daily  and  monthly  samples  taken  at  the  U,  S. 
Geological  Survey  station  near  Lower  Lake,  which  reflects  the 
quality  of  water  released  from  Clear  Lake,  and  from  samples  taken 
from  Cache  Creek  at  or  near  Capay  Dam,  the  main  point  of  diversion 
of  irrigation  water  from  Cache  Creek,   A  comparison  of  the  quality 
of  water  at  these  two  sampling  points  shows  the  effects  of  the 
heavily  mineralized  waters  that  enter  from  North  Fork  Cache  Creek 
and  Bear  Creek.   As  previously  stated,  waters  of  Clear  Lake  would 
be  classified  as  excellent,  except  for  the  high  concentrations  of 
boron. 

The  following  tabulation  depicts  ranges  and  averages 
for  the  more  important  mineral  constituents  of  the  Clear  Lake 
releases.   Higher  concentrations  of  boron  place  these  waters  in 
Class  2  for  irrigation. 

Mineral  constituents  Range  Average 

Boron  0.74  to  1,4  ppm  1,0  ppm 

Total  dissolved  solids  117  to  196  ppm  I60  ppm 

Percent  sodium  l4  to  24  ppm  I8  ppm 

Total  hardness  88  to  l64  ppm  133  PPm 

Results  of  analyses  at  the  downstream  diversion  point 
at  Capay  Dam  indicate  Cache  Creek  waters  to  be  principally  a  good 
quality  calcium-sodium  bicarbonate- type  with  hardness  ranging  from 
moderate  to  very  hard.   As  with  Clear  Lake,  water  in  Cache  Creek 
at  Capay  would  be  of  excellent  quality,  except  for  the  high 
concentrations  of  boron.   The  following  tabulation  lists  the 


-66- 


ranges  and  averages  of  the  more  important  mineral  constituents 
in  waters  of  Cache  Creek  at  or  near  Capay  Dam. 

Mineral  constituents  Range  Average 

Sodium  15  to  130  ppm  43  ppm 

Chloride  12  to  2l4  ppm  57  ppm 

Boron  0.35  to  6.4  ppm  1.8  ppm 

Total  dissolved  solids      171  to  66I  ppm  326  ppm 

Percent  sodium  I8  to  47  ppm  29  ppm 

Total  hardness  111  to  335  PPm  201  ppm 

Water  samples  taken  at  or  near  Capay  Dam  from  1930  to 
1956  show  the  quality  of  water  in  Cache  Creek  approaches  the  lower 
(better)  limits  of  the  ranges  in  the  foregoing  tabulation  during 
extreme  high  flows,  and  to  be  generally  of  a  calcium  bicarbonate- 
type.   It  is  also  found  that  during  periods  of  low  flow  the  boron 
concentration  is  considerably  higher  than  during  periods  of  high 
flow.   Since  the  major  irrigation  diversions  are  made  from  June  to 
September,  average  concentration  of  boron  in  water  applied  to  crops 
In  this  area  probably  would  be  somewhat  higher  than  the  1.8  ppm 
average  indicated  above.   In  general,  water  diverted  from  Cache 
Creek  would  be  classified  as  Class  2  Irrigation  water,  primarily 
as  a  result  of  its  boron  content. 

Referring  to  permissible  limits  of  boron  in  irrigation 
water,  as  determined  by  the  U.  3.  Department  of  Agriculture,  water 
diverted  from  Cache  Creek  may  be  harmful  to  boron-sensitive  crops. 
However,  the  boron  concentrations  probably  would  not  limit  the 
planting  of  crops  which  are  semitolerant  or  tolerant  to  boron. 
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Of  the  crops  grown  in  the  area,  English  walnut  and  black  walnut 
are  classed  as  sensitive  to  boron.   Tomatoes,  oats,  corn,  barley, 
and  olives  are  classed  as  semitolerant,  while  alfalfa  and  sugar 
beets  are  classed  as  tolerant.   Tolerance  of  plants  to  boron 
cannot  be  measured  absolutely,  since  such  tolerance  is,  in  part, 
dependent  upon  the  type  of  soil  upon  which  the  plants  are  grown, 
amount  of  irrigation  water  application,  and  other  factors  en- 
countered in  actual  farming  practices. 

Water  from  the  ground  water  basin  underlying  the  Cache 
Creek  Service  Area  is  of  variable  quality,  but  is  generally  hard 
or  very  hard.   Ground  water  in  the  northern  part  of  Hungry  Hollow 
and  in  a  strip  about  three  miles  wide  along  the  north  side  of 
Putah  Creek  from  Winters  to  Davis  is  typed  as  Class  1  irrigation 
water.   The  quality  of  the  water  from  the  remainder  of  the  ground 
water  basin  is  typed  as  either  good  or  poor,  primarily  because  of 
the  boron  concentration.   The  concentration  of  boron  in  the  ground 
water  basin  undoubtedly  is  due  to  the  long  continued  use  of  water 
diverted  from  Cache  Creek  for  irrigation  purposes.   Furthermore, 
the  hardness  of  the  ground  water  makes  softening  desirable  for  use 
for  municipal  and  domestic  purposes. 

It  is  noted  from  comparison  of  analyses  of  mineral 
quality  of  water  sampled  from  wells  in  the  Cache  Creek  ground  water 
basin  that  water  from  the  deeper  wells  has  a  lower  boron  concentra- 
tion and  a  reduced  hardness.   However,  in  most  cases  the  boron 
concentration  is  high  enough  to  place  the  water  in  Class  2  for 
irrigation,  and  this  water  is  also  quite  hard. 

Two  areas  of  Class  3  irrigation  water  occur  in  the  Cache 
Creek  Service  Area  ground  water  basin.   The  smaller  area  of  this 
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type   occurs    Just   west   of   the    Plainfield   Ridge,    about    five   miles 
east  of   Madison,    and  a   more   extensive  area   extends   from  northeast 
of   the   City  of  Woodland   southerly  along  the   eastern  boundary  of 
the   ground  water  basin.      This  water  is   very  hard  and  has  a    high 
boron   concentration. 

Safe  Yield   of   Presently  Developed 
Water  Supply 

More   than  two-thirds   of   the   present  yield  of   the  water 
supply   of   the   Clear  Lake-Cache   Creek  Basin   is   developed  by   pumping 
from  underlying  ground  water  sources.      The   remainder  is   developed 
by   the   operation  of  Clear  Lake  and  Cache   Creek  to   deliver   irri- 
gation water  to   the   Cache   Creek  Service   Area.      Water  requirements 
in  the   Clear  Lake  Basin  are  met  almost  entirely  from  ground  water 
supplies.      However,    the   Cache   Creek  Service  Area,    while   relying 
primarily   on  pumping  from  underlying  ground  water  sources,    is 
served  with   substantial   quantities   of   surface  water  through   the 
extensive  distribution   system  of   the   Clear  Lake  Water  Company. 

Many   lands    in   the   Cache   Creek  Service   Area    receive  water 
both   from  surface   sources   and   from  ground  water  pumpage,    the 
relative  magnitude   from  each  source  being  dependent  upon   the 
wetness   of   the   particular  year.      During  wetter  years  when   surface 
supplies  are   plentiful,    the   bulk  of   the   requirements   in   the   service 
area   are  met   by   surface   deliveries;    however,    during  drier  years, 
the   irrigators  must   rely   to  a   greater  extent   on  pumpage   from  ground 
water.      While   the  average  annual   surface   diversions  amount   to  about 
100,000  acre-feet,    actual   diversions   have   varied   from  only    13,000 
acre-feet   to  as   much  as   189,000  acre-feet  per  year,      ITnus,    the 
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average  annual  surface  diversion  cannot  be  taken  as  the  safe  or 
firm  yield  of  developed  surface  supplies.   On  the  other  hand, 
safe  yield  of  the  ground  water  resources  is  not  a  fixed  quantity, 
because  it  is  influenced  to  a  considerable  degree  by  the  amount 
of  surface  diversions  and  the  resultant  percolation  therefrom. 

The  yield  of  surface  water  supplies  in  the  Clear  Lake- 
Cache  Creek  Basin  will  be  discussed  and  evaluated  in  Chapter  IV, 
entitled  "Plans  for  Water  Development".   This  section  will  discuss 
and  determine  the  safe  yield  of  the  ground  water  resources  of  the 
basin,  as  presently  developed. 

Safe  Ground  Water  Yield 

The  term  "safe  ground  water  yield"  refers  to  the  maximum 
net  rate  of  extraction  from  a  ground  water  basin  which  may  be 
sustained  over  a  long  period  of  time  without  causing  certain  un- 
favorable conditions.   Criteria  normally  governing  safe  ground 
water  yield  are: 

1.  Extraction  of  water  is  limited  to  the  mean 
annual  ground  water  recharge. 

2.  Extraction  of  water  must  not  so  lower  ground 
water  levels  as  to  cause  degradation  of  mineral  quality. 

3.  Extraction  of  water  must  not  so  lower  ground 
water  levels  as  to  cause  excessive  pumping  lifts  or  to 
exclude  users  from  a  supply. 

Safe  ground  water  yield,  as  derived  in  this  bulletin, 
was  measured  by  net  extraction  of  water  from  free  ground  water 
zones,  and  by  gross  extraction  of  water  in  the  confined  zones. 
The  reason  for  this  difference  in  measurement  in  the  two  different 
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types  of  zones  is  that  the  unconsumed  portion  of  gross  pumpage 
cannot  return  to  the  ground  water  basin  for  re-use  in  confined 
zones.   It  was  determined  that  confined  ground  water  zones  occur 
only  in  the  Clear  Lake  Basin, 

In  most  cases,  the  safe  yield  of  the  ground  water  basin 
is  not  determined  until  there  is  evidence  of  overdraft  or  use  of 
water  in  excess  of  safe  yield.   Until  pumping  draft  increases  to 
a  point  beyond  which  overdraft  conditions  occur,  the  safe  yield 
of  the  ground  water  basin  would  be  equal  to  the  draft  thereon. 
This  condition  is  currently  the  case  in  the  Clear  Lake  Basin.   Ari 
increase  in  pumping  draft  on  the  basin  would  correspondingly 
increase  the  safe  ground  water  yield  by  further  lowering  ground 
water  levels  during  drought  periods,  thereby  providing  additional 
space  in  the  basin  for  storage  of  percolating  surface  waters  that 
would  otherwise  waste  from  the  basin  during  wet  periods.   As 
stated  earlier  in  this  chapter,  the  present  safe  ground  water 
yield  of  the  Clear  Lake  Basin,  as  determined  by  the  195^  draft 
thereon,  amounts  to  37,000  acre-feet  per  year. 

The  lower  Cache  Creek  area  of  the  Cache  Creek  Basin  is 
known  to  be  experiencing  an  overdraft  condition  in  that  the 
pumping  draft  on  the  ground  water  resources  of  that  area  has 
increased  to  a  point  where  it  exceeds  safe  ground  water  yield. 
In  the  absence  of  any  indication  of  degradation  of  quality  of  the 
ground  water  or  of  the  exclusion  of  users  of  the  supply,  it  has 
been  detennined  that  the  first  of  the  foregoing  three  criteria, 
in  which  extraction  of  water  is  limited  to  the  mean  annual  ground 
water  recharge,  applies  for  that  area. 
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Derivation  of   the   safe   ground  water  yield   for  the   Cache 
Creek  Service   Area    for  the  6-year  study  period  and   for  the  mean 
period,   under  present   development,    is   presented   in  Table   15.      It 
should  be   noted   that   the   detailed   calculations   shown  in  Table   15 
pertain  only   to   the   lower  Cache   Creek  area,    and   that   the   safe 
ground  water  yield  of   the  Capay  Valley  Is   shown  as  a    single   esti- 
mate.     Lack  of  available  hydrologlc  data   precluded  the  derivation 
of   safe  ground  water  yield  for  Capay  Valley;    therefore,    the   safe 
yield  was  assumed  to  be   equivalent   to   the  average  annual   draft 
on  ground  water  during  the  6-year  study  period,    which  amounted   to 
7,300  acre-feet. 
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TABLE    15 


ESTIMATED   SAFE   ANNUAL   GROUND   WATER  YIELD 
CACHE   CREEK   SERVICE    AREA 

(in  acre-feet) 


LOWER  CACHE  CREEK  AREA 

Water  Supply 

Surface  inflow.  Cache  Creek 
near  Capay 

Precipitation 

Subtotal 
Water  Outflow 

Surface  outflow: 

Cache  Creek  at  Yolo 

Willow  Slough,  winter  runoff 

Applied  surface  water 
Subsurface  outflow: 
Exports 

Subtotal 

Available  to  meet  water 
requirements 

Consumptive  use: 

Of  precipitation 

Of  applied  surface  water 

Subtotal 

Safe  ground  water  yield,  lower 
Cache  Creek  area 

CAPAY  VALLEY 

Safe  ground  water  yield  (present 
draft  on  ground  water) 

TOTAL  SAFE  GROUND  WATER  YIELD 


Indicated 
average  for 
6-year 
study 
period 


Mean, 

under 

present 

development 


612,800 
353,^00 
966,200 

483,^00 

22,000 

8,400 

20,900 
3.700 

538,400 
427,800 

253,900 

54,000 

307,900 

119,900 

7.300 
127,200 


443,200 
326,200 
769,400 


339,800 

18, 400 

7,000 

18,000 

4,200 

387,400 

382,000 

234,300 

43.000 

277,300 

104,700 

7.300 
112,000 
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Ground  Water  Recharge  in  Lower 
Cache  Creek  Area 

As  set  forth  in  the  first  of  the  three  foregoing  criteria 
governing  safe  ground  water  yield,  the  safe  yield  of  a  ground 
water  basin  is  equivalent  to  the  average  annual  net  replenishment 
or  recharge  to  the  basin.   Therefore,  evaluation  of  the  several 
components  of  ground  water  recharge  in  the  lower  Cache  Creek  area 
enables  a  check  on  the  safe  yield  as  derived  in  Table  15. 

Water  for  recharge  comes  from  several  sources  which  are, 
in  order  of  decreasing  significance,  deep  penetration  of  rainfall, 
percolation  from  streams,  deep  percolation  of  excess  applied 
surface  waters,  and  leakage  from  unlined  irrigation  canals.   Since 
ground  water  in  the  service  area  is,  for  the  most  part,  unconflned, 
recharge  can  occur  anywhere. 

The  importance  of  deep  penetration  of  precipitation  as 
a  source  of  recharge  is  evidenced  by  the  reaction  of  the  water 
level  in  wells  far  removed  from  either  percolating  streams  or 
unlined  canals.   These  water  levels  rise  very  rapidly  after  heavy 
precipitation.   Precipitation  must,  of  course,  first  satisfy  the 
requirements  of  depleted  soil  moisture  and  consumptive  use.   Re- 
charge from  precipitation  was  evaluated  as  the  difference  between 
total  precipitation  and  the  sums  of  consumptive  use  of  precipita- 
tion and  surface  outflow  resulting  from  precipitation. 

Percolation  from  Cache  Creek  accounts  for  nearly  all  of 
the  ground  water  replenishment  from  stream  channels  in  the  lower 
Cache  Creek  area.   Cache  Creek  loses  water  from  two  distinct 
reaches  of  its  channel;  lesser  amounts  from  below  Capay  Dam 
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downstream  to  the  Dunnigan  Cutoff,  and  important  amounts  from 
Moore  Dam  downstream  to  about  1.^  miles  southwest  of  Yolo.  Between 
the  Dunnigan  Cutoff  and  Moore  Dam,  Cache  Creek  has  historically 
gained  water.   Rising  water  in  this  reach  of  the  stream  is  derived 
from  the  high  ground  water  in  the  Hungry  Hollow  area  to  the  north. 
From  1,5  miles  southwest  of  Yolo  to  the  Cache  Creek  Settling 
Basin,  Cache  Creek  apparently  neither  gains  nor  loses  significant 
amounts  of  water. 

Considerable  time  and  effort  was  spent  during  this 
investigation  on  the  determination  of  average  annual  percolation 
from  Cache  Creek  between  Capay  Dam  and  Yolo,  Because  percolation 
from  the  reach  of  the  creek  above  Moore  Dam  is  much  impaired  by 
high  ground  water  adjacent  to  the  stream,  only  the  lower  reach, 
from  Moore  Dam  downstream  to  Yolo,  was  seriously  studied.   Two 
different  methods  of  computing  stream  flow  losses  from  Cache  Creek 
were  attempted.   In  the  first  method,  several  series  of  measurements 
of  stream  flow  were  made,  and  the  results  of  similar  measurements 
by  other  agencies  were  collected.   In  addition,  the  department 
cooperated  with  the  U.  S,  Bureau  of  Reclamation  in  rating  a  water 
stage  recorder  for  two  seasons  at  Stevens  Bridge  near  the  upper  end 
of  the  percolating  reach.   Continuous  records  from  this  gage 
enabled  a  comparison  with  records  from  the  U.  S,  Geological  Survey 
gage  at  Yolo,  about  five  miles  downstream.   Careful  analysis  of 
these  daily  records  and  the  stream  measurements  showed  that  there 
is  a  correlation  between  discharge  and  loss.   However,  because  of 
lack  of  measurements  of  discharges  greater  than  400  second-feet, 
it  was  Judged  impossible  to  draw  a  discharge-loss  curve  for  high 
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water   stages.      Therefore   this   method   of   computing  percolation 
from  Cache   Creek  was   not  used. 

In   the    second  method,    a    water  balance   was   made   for  Cache 
Creek  between   two  existing  U.    S.    Geological   Survey  gaging   stations. 
This   reach   includes   the   previously   cited   two   losing   reaches 
(Capay  Dam  to   the   Dunnigan  Cutoff,    and   Moore   Dam  to  Yolo),    and 
the   reach   from  Dunnigan   Cutoff   to   Moore   Dam  where   rising  water 
occurs.      Independent   estimates  were   made   for  the  additional    items 
of   supply,    which,    together  with   the   flow   in  Cache   Creek,    make  up 
the   total   supply   of   Cache   Creek.      These   items   of   supply   include 
tributary   inflow,    rising  water,    and  precipitation  on  about  6,000 
acres  of   Cache   Creek  gravels.      Independent   estimates   were  also 
made   for  the  additional   items   of  disposal,    which,    with   the 
recorded  outflow  of   Cache   Creek,    make  up   the   total   disposal   of 
Cache   Creek  waters.      Disposal   items   include   irrigation  diversions 
and   consumptive  use  by   vegetation  along   the   creek.      Monthly  percola- 
tion was    thus   inventoried  by   totaling  all   items   of   supply  and   sub- 
tracting all    items   of  disposal.      Average   seasonal   percolation 
during   the   6-year  period,    1953-5^   through   1958-59,    was   computed 
as   about   3^^,000  acre-feet.      The   following   tabulation   summarizes 
the   above   items   of   supply  and  disposal   for  both   the   study   period 
and   the   50-year  mean  period. 
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Supply 
Inflow  in  Cache  Creek 
Tributary  surface  inflow 
Precipitation  on  Cache 

Creek  gravels 
Rising  ground  water 

Totals 

Disposal 
Outflow  in  Cache  Creek 
Consumptive  by  bank 

vegetation 
Surface  diversions 

Totals 

Percolation  (difference) 


Six-year 
study 
period, 
in  acre-feet 

Mean,  in 
acre-feet 

613,000 
12,000 

443,000 
11,000 

9,000 
1,000 

8,000 
1,000 

635,000 

483,000 
1,000 

117.000 

601,000 

34,000 


463,000 

340,000 
1,000 

88.000 

429,000 

34,000 


It  should  be  noted  that  25  percent  of  the  percolation 
from  Cache  Creek  moves  to  the  area  north  of  the  creek,  thus 
constituting  subsurface  outflow  instead  of  recharge  to  the  lower 
Cache  Creek  area.   Percolation  from  the  smaller  streams  which 
cross  the  area  is  estimated  to  be  small,  averaging  about  1,000 
acre-feet  a  year. 

Deep  percolation  from  excess  applied  surface  water  is 
an  important  source  of  recharge  throughout  the  Cache  Creek  Service 
Area,  because  of  the  magnitude  of  surface  application  and  the 
thorough  coverage  of  the  service  area  by  surface  water  supplies. 
The  existence  of  a  high  water  table  in  the  fall  season  around 
areas  of  surface  application  is  regarded  as  evidence  for  this 
conclusion.   However,  the  geology  and  pattern  of  ground  water 
recharge  and  extraction  tend  to  confuse  the  effect  of  applied 
surface  water  on  ground  water  levels.   Similarly,  leakage  from 
irrigation  canals  contributes  substantial  recharge,  because  the 
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extensive   coverage   of   the   service   area    by   the   canal    system  of   the 

Clear  Lake  Water  Company   includes  many   miles   of  unlined  ditches. 

At   the   present   time,    canal    losses   account   for  about   23  percent   of 

the    total   water  diverted  by   this   company.      The   estimated   recharge 

from  excess   surface   water  amounts    to   17,000  acre-feet  per  year, 

and   the   estimated   recharge   from  percolation  of   canal    losses  amounts 

to   24,000  acre-feet  per  year. 

The   estimated  annual   recharge   to  ground  water  in  the 

lower  Cache   Creek  area    during   the   6-year  study   period   is   summarized 

in  Table   l6. 

TABLE   16 

ESTIMATED   AVERAGE   NET  ANNUAL   GROUND   WATER 
RECHARGE    IN   LOWER   CACHE   CREEK  AREA 
DURING   SIX-YEAR   STUDY    PERIOD 

(in  acre-feet) 


Source 


: Ground  water  recharge 


Deep  percolation  of   excess 
applied   surface  water 

Canal   losses 

Deep  percolation  of   rainfall 

Stream  percolation 
Cache   Creek 

Minor  streams 

Total   recharge 

Items   to  be   subtracted 

Subsurface  outflow  to   southeast 
Subsurface  outflow  to   Putah  Creek 
Subtotal 

Indicated  net   recharge 


16,900 
24,000 
66,000 

25,500 

1,000 
133,400 

7,300 

4,000 

11,300 

122,100 
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A   comparison  of   Table    l6  with   Table    15   shows    that   the 
indicated   average   annual   ground  water   recharge   in   the    lower  Cache 
Creek  area    during   the   6-year  study   period    (122,100  acre-feet) 
agrees   closely  with  the   safe  annual   ground  water  yield  of   119,900 
acre-feet.      In   this   regard    it   should  be   emphasized   that   the   derived 
ground  water  recharge   serves   only  as   an  approximation  of   the   safe 
ground  water  yield,    and   is   shown  only  as  a    check   thereon.      Safe 
ground  water  yield,    as   developed   in   Table    15,    takes    into  account 
all    items   of  water   supply  and   disposal   and   is   deemed   to   be   more 
accurate   for  that   reason. 
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CHAPTER  III.    WATER  UTILIZATION 

AND  REQUIREMENTS 

The  water  resources  of  the  Clear  Lake-Cache  Creek  Basin 
have  been  L^uite  highly  developed  in  support  of  the  thriving  irri- 
gated agricultural  economy.   Ground  water  is  pumped  extensively 
in  both  the  Clear  Lake  and  Cache  Creek  Basins,  and  njnoff  in  Clear 
Lake  is  conserved  for  use  in  the  downstream  Cache  Creek  Service 
Basin.   This  chapter  considers  the  nature  and  extent  of  present 
and  potential  ultimate  water  utilization  and  of  the  requirement 
for  additionally  developed  water  supplies  in  the  Clear  Lake-Cacrie 
Creek  Basin.   Water  utilization  and  requirements  were  evaluated, 
using  data  on  present  land  use  patterns  and  classification  of 
irrigable  lands,  projected  ultimate  crop  patterns,  and  estimated 
unit  values  of  water  use  and  irrigation  efficiencies.   These  data 
had  previously  been  developed  during  the  earlier  investigations  of 
the  area  cited  in  Chapter  I. 

In  the  ensuing  discussion,  a  clear  distinction  is  drawn 
between  water  utilization  and  water  requirements.   The  term  "water 
utilization"  refers  to  the  consumption  of  applied  water  by  vegeta- 
tive growth  in  transpiration  and  building  of  plant  tissue,  and  to 
water  evaporated  from  adjacent  soil  and  from  water  surfaces.   It 
does  not  include  the  consumption  of  precipitation.  The    term  also 
refers  to  water  consumed  and  evaporated  by  municipal,  industrial, 
and  other  nonvegetative  types  of  land  use.   As  used  in  this  bulle- 
tin, the  term  "water  utilization"  is  synonymous  with  the  term 
"consumptive  use  of  applied  water". 

The  term  "water  requirements",  as  used  in  this  bulletin, 
refers  to  the  amount  of  water,  exclusive  of  precipitation,  needed 
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to  provide  for  all  beneficial  uses  and  for  losses  incidental  to 
such  uses.   It  Is  measured  as  the  amount  of  water  delivered  to  a 
farmer's  head  gate  In  the  case  of  agricultural  use  of  water,  and 
as  the  delivery  to  the  water  supply  system  of  a  community  in  the 
case  of  municipal  and  industrial  use. 

Present  and  potential  ultimate  water  utilization  in  the 
Clear  Lake-Cache  Creek  Basin  was  determined  by  application  of 
appropriate  factors  of  unit  water  use  to  the  present  and  potential 
ultimate  patterns  of  land  use  as  determined  from  survey  data.   As 
stated,  water  utilization  is  evaluated  herein  as  a  measure  of 
consumptive  use  by  all  types  of  development,  while  water  require- 
ments, on  the  other  hand,  are  evaluated  as  delivery  requirements, 
taking  into  account  the  losses  attendant  to  the  beneficial  use  of 
water.   This  latter  evaluation  is  used  as  the  basis  for  measurement 
of  project  accomplishments  in  Chapter  IV,   In  determining  the  pres- 
ent and  potential  ultimate  water  requirements,  due  consideration 
was  given  to  present  agricultural,  urban  and  industrial  develop- 
ment, and  to  efficiencies  in  the  use  of  water. 

Certain  possible  nonconsumptive  requirements  for  water, 
such  as  those  for  flood  control,  recreation,  and  preservation  of 
fish  and  wildlife  may  be  of  varying  significance  in  the  design  of 
works  to  meet  supplemental  requirements  for  water  in  the  Clear  Lake- 
Cache  Creek  Basin,   In  most  instances,  the  magnitude  of  such  non- 
consumptive  requirements,  while  small,  is  relatively  indeterminate, 
and  dependent  upon  allocations  made  after  consideration  of  possible 
necessity  or  economic  factors.   For  these  reasons,  water  require- 
ments for  flood  control,  preservation  of  fish  and  wildlife,  and 


-82- 


recreation  are  discussed  In  general  terms  In  this  chapter  but  not 
specifically  evaluated. 

Water  Utilization 

Of  the  presently  developed  waters  utilized  in  the  Clear 
Lake-Cache  Creek  Basin,  about  95  percent  are  consumed  in  the 
production  of  irrigated  crops.   It  is  anticipated  that  irrigated 
agriculture  will  continue  to  predominate  in  the  economy  of  the 
basin,  and  that  under  potential  ultimate  conditions,  irrigation 
water  requirements  will  amount  to  about  80  percent  of  the  total. 

Present  Water  Supply  Development 

The  waters  of  the  Clear  Lake-Cache  Creek  Basin  have  been 
continually  developed  during  the  past  century  by  both  individuals 
and  companies,  primarily  for  enhancement  of  the  agricultural 
economy  of  the  basin.   Throughout  the  area  water  supplies  have 
been  readily  obtainable  for  domestic  and  municipal  uses,  primarily 
from  ground  water.   Ground  water  has  also  been  readily  available 
for  irrigation  in  most  of  the  good  agricultural  areas.   However, 
numerous  problems  have  been  encountered  in  attempts  to  develop 
surface  water  supplies,  due  to  the  erratic  natural  regimen  of  run- 
off, limited  opportunity  for  storage,  and  competition  between 
upstream  and  downstream  interests  for  control  of  the  water. 

Clear  Lake  Basin,   Waters  of  the  Clear  Lake  Basin  have 
been  developed  to  a  limited  extent  to  serve  irrigation,  municipal, 
and  domestic  needs.   Ground  water  comprises  the  principal  source 
of  water  for  these  uses.   In  addition,  some  surface  water  is  used 
by  direct  diversion  of  stream  flow,  storage  on  streams  tributary 
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to  Clear  Lake,  and  by  pumping  from  Clear  Lake.   However,  de- 
velopment of  surface  water  Is  limited  by  water  rights  controlling 
the  use  of  Clear  Lake  as  a  storage  reservoir  for  irrigation  in 
Yolo  County, 

Early  settlers  in  Big  Valley,  Scott  Valley,  and  the 
Upper  Lake  area  found  ground  water  easy  to  develop  because  of  high 
water  tables  in  the  free  ground  water  zones  and  flowing  artesian 
wells  in  the  confined  ground  water  zones.   Many  artesian  wells 
were  developed  in  the  iSOO's  for  domestic  and  irrigation  use. 
However,  increased  water  demands  of  recent  times  have  so  lowered 
the  ground  water  tables  that  few  artesian  wells  flow  at  present. 
In  1953^  it  was  determined  that  there  were  195  irrigation  wells 
with  motors  larger  than  5  horsepower  in  Big  Valley,  11  in  Scott 
Valley,  and  I8  in  the  Upper  Lake  area. 

The  major  surface  diversions  in  the  Clear  Lake  Basin  are 
made  from  Clear  Lake  to  serve  the  Edmands  and  Helms  Reclamation 
Districts,  located  in  the  Upper  Lake  area  a-djacent  to  Clear  Lake. 
Here  a  system  of  canals  and  ditches  delivers  water  to  irrigated 
land  which  has  been  reclaimed  from  the  lake  by  levees.   Individu- 
ally-owned pumps  raise  the  water  from  sloughs  for  irrigation. 
Drainage  pumps,  operated  by  the  reclamation  districts,  expel  excess 
winter  water  and  overflow  from  Scott  Creek  and  unconsumed  irri- 
gation water  into  Robinson  Slough,  which  drains  into  Clear  Lake, 

Municipal  and  domestic  water  is  obtained  primarily  from 
wells.   The  town  of  Lakeport  maintains  the  largest  single  municipal 
system,  pumping  about  400  acre-feet  per  year  from  two  wells,  or 
filter  galleries,  located  in  the  bed  of  Scott  Creek.   This  source 
was  seriously  impaired  by  low  water  conditions  during  1959j  and  had 
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to  be  augmented  by  an  emergency  connection  to  an  irrigation  well 
in  nearby  Scott  Valley.   In  addition  to  the  wells  used  by  most 
towns  and  industries  in  the  Clear  Lake  Basin  some  communities, 
resorts,  and  individuals  make  use  of  water  pumped  directly  from 
Clear  lake. 

Cache  Creek  Basin  Surface  Water  Development.   The  Cache 
Creek  Basin  has  an  interesting  history  of  water  supply  development. 
The  excellent  potential  of  its  agricultural  lands  was  recognized 
by  early  settlers  and  the  lands  were  put  to  use  for  production  of 
dry-farmed  grains.   The  settlers  also  recognized  California's 
peculiar  natural  water  supply  pattern  and  the  need  for  irrigation 
to  successfully  grow  summer  crops. 

The  diversion  of  water  from  Cache  Creek  into  the  Moore 
ditch,  in  1885,  marked  one  of  the  earliest  water  supply  develop- 
ments specifically  for  irrigation  in  California.   This  was  followed 
by  construction  of  the  Capay  Valley  ditch,  which  diverted  water 
from  the  south  bank  of  Cache  Creek  above  the  town  of  Rumsey,  and 
the  Adams  ditch,  which  diverted  from  the  north  bank  of  the  creek 
near  the  town  of  Capay.   Both  of  these  latter  diversions  were  up- 
stream from  the  Moore  diversion,  and  considerable  litigation  grew 
out  of  competition  between  the  upper  and  lower  users  for  the  low 
summer  flows  of  Cache  Creek,   With  exception  of  the  Capay  Valley 
ditch,  which  is  operated  by  the  Rumsey  Water  Users  Association, 
all  of  these  facilities  and  water  rights  were  acquired  by  the 
Yolo  County  Consolidated  Water  Company  in  1903.   The  system  was 
then  expanded  by  construction  of  the  Winters  Canal. 

As  development  progressed  and  water  demands  increased. 
It  became  evident  that  storage  of  winter  runoff  would  be  required 
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to  augment   low  summer  flows.      The  Yolo  Water  and   Power  Company 
acquired   the   system  in   1911 >   and  appropriated  water  from  Clear 
Lake  by   construction  and  operation  of   storage   control  works. 
It  is   reported   that   this   company  completed  construction  of  a 
concrete  dam  at   the  outlet  of  Clear  Lake   in  1914,    and  began 
releases  of  water  for  irrigation  in   1916.      In  1927,    the   rights 
and  properties   of   these   former  companies  were  acquired  by   the 
Clear  Lake  Water  Company,    which  has  been  operating  the   system 
since   that   time.      Locations   of   the   foregoing  facilities  are 
shown  on   Plate   10,    entitled   "Present  Water  Service  Agencies". 

Operation  of  Clear  Lake  by  the  Clear  Lake  Water  Company 
is   limited  by   the  Gopcevic  Decree   to   31^,000  acre-feet  of   storage 
capacity,    between  elevations  of  zero  and  7.56  feet  on   the   Rumsey 
Gage.      Elevation   zero   on  the   Rumsey  Gage   corresponds   to   l,3l8,59 
feet  above   sea    level,    U,    S.    Geological   Survey  datum.      As  previ- 
ously stated,    a    copy  of   the   Gopcevic  Decree   is   included   in 
Appendix  A. 

The   Clear  Lake  Water  Company  provides   irrigation  water 
service   to  about  20,000  acres   in  Yolo  County,      Diversions   from 
Cache  Creek,    including  water  released  from  Clear  Lake  as   well 
as  unregulated  runoff,    averages  about   101,000  acre-feet  annually. 
However,    the  amount  of  water  available   for  diversion  is  quite 
variable,    and  diversions  have   ranged  from  as   low  as   13,000 
acre-feet  to  as  high  as   l89>000  acre-feet  per  year.      Table   17 
summarizes   the  annual   releases   of  water  from  Clear  Lake  and 
diversions   from  Cache   Creek  by   the   Clear  Lake  Water  Company   for 
the  period  from  1929  through   1958. 
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TABLE  17 

RECORDED  AND  ESTIMATED  ANNUAL 
DIVERSIONS  FROM  CACHE  CREEK 
BY  CLEAR  LAKE  WATER  COMPANY 

(In  acre-feet) 


Water 

Water   : 

Water 

Water 

released 

diverted  : 

released 

diverted 

from 

from   : 

from 

from 

Calendar 

Clear 

Cache   : 

:  Calendar 

Clear 

Cache 

year 

Lake  (l) 

Creek   : 

:  year 

Lake  1 ) 

Creek 

1929 

( 

[2] 

46,900 

1946 

187,900 

189,000 

1930 

(2) 

92,600 

1947 

33,300 

37,900 

1948 

81,700 

104,200 

1931 

^ 

13,300 

1949 

120,700 

127,100 

1932 

A 

50,100 

1950 

88,900 

92,600 

1933 

A 

20,000 

1934 

2 

48,900 

1951 

149,700 

154,300 

1935 

[2] 

62,500 

1952 

141,700 

149,600 

1953 

(2) 

138,400 

1936 

(2) 

135,400 

1954 

128,000 

134,800 

1937 

140,500 

122,700 

1955 

110,600 

119,600 

1938 

108,700 

119,400 

1939 

41,200 

52,300 

1956 

661,500 

111,800 

19^0 

97,700 

100,200 

1957 

108,100 

101,500 

1958 

60,300 

95,300 

19^1 

79,500 

108,800 

19^2 

112,300 

120,000 

1943 

155,700 

155,600 

30-year 

1944 

101,100 

100,300 

average 

101,400 

1945 

146,600 

137,600 

(1)  Includes  releases  other  than  irrigation 

in  some  years, 

(2)  Record  not  available. 


Ground  Water  Development,  Cache  Creek  Service  Area. 
Records  of  ground  water  development  in  the  Cache  Creek  Service 
Area  date  back  to  at  least  1877.   In  1900,  12  wells  were 
reported  to  have  been  in  use,  and  by  1912-13  about  50  wells 
were  being  used  for  irrigation.   Since  the  early  1900' s,  ground 
water  development  has  proceeded  rapidly,  stimulated  by  the 
arrival  of  electric  power  and  the  occasional  uncertainty  of 
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surface  water  supplies.      After  World  War  II,    a    large   increase   in 
the  number  of  wells  occurred,    caused  by  the  high   value   of   crops 
and  the  availability  of   large  equipment,    such  as   land   levelers, 
which  made   feasible   the   irrigation  of  additional   land. 

Agricultural  pumping  comprises   the   largest  use   of  ground 
water  in  the   Cache  Creek  Service  Area.      About   two-thirds   of   the 
irrigated   lands  are   served  by  water  pumped   from  underlying  ground 
water  storage.      Ground  water  is   pumped   throughout   the   service 
area;    however,    lands   served  by  ground  water  are   interspersed 
within  the  area    served  by   the  Clear  Lake  Water  Company,    and,    in 
some   cases,    lands  are   irrigated  from  both   surface  and  ground  water 
supplies.      Pumping  of  ground  water  is  most   concentrated   in  the 
area   east  of   the   Plainfield  Ridge.      All   of   the  water  used   for 
municipal,    industrial,   and  domestic  purposes   is  obtained   from 
this   source,    and   the  heaviest  use   for  these  purposes   occurs   In 
Woodland  and  Davis. 

During   the   current   investigation,    estimates   were  made  of 
the  amount  of  ground  water  pumped  for  irrigation  within  the  Cache 
Creek  Service  Area   during  each  of   the   four  years   from  1955-56 
through   1958-59.      The  estimates  were  based  upon  Pacific   Gas  and 
Electric  Company   records   of   sales   of  electric  power  for  agri- 
cultural  pumping  and   records   of  pump   tests.      From  the   pump   test 
data,    values  of  kilowatt-hours   of  electric   energy   required   to  pump 
one  acre-foot  of  water  were   determined  and  averaged  for  the   sub- 
divisions  considered. 

Table  I8  shows  electric  power  consumption  in  millions  of 
kilowatt-hours  and  the  estimated  ground  water  withdrawals  in  acre- 
feet.      The  estimates    show  that  ground  water  pumping  dropped   from 
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Sprinkler  irrigation 
in  Cache  Creek 
Service  Area 


E.  E.  Luhdorff  Co., 
Woodland,  photograph 
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Farm  near  Woodland 
prepared  for  ground 
wafer  irrigation 


Department  of  Water 
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222,000  acre-feet   in   1955-56   to   l8l,000  acre-feet   In   1958-59,    and 
that   the   4-year  average  was   195»000  acre-feet.      It  was  also   esti- 
mated from  Information  collected   for  the   I\itah  Creek  Cone   Investi- 
gation that,    based  on  records   of  electric  power  consumption,    230,000 
acre-feet  of  water  were  pumped   in   1953-5^,    for  irrigation  within 
the   Cache   Creek  Service  Area, 


^.  r/ 


A^C 


/^  C- 


<^^ 


/   2 


J . 


/> 


iy(S^ 


-  /  ^/  , 


/^  7 


-89- 


00 


< 

:s 

Q 

tc 

Eh 
M 


ffi 


P 

13 
O 

K 
O 

Q 
W 
Eh 


<  W 

s  < 

<  CO 

W  K 
O  W 
M  3 

>o 

K  CL, 

W 

W  O 
M 

«  K 

W  Eh 

w  o 

O  hJ 
W 
W 

o  o 


o 


Eh 
CO 

w 


p 
w 

CO 

<c 

CQ 


♦-  1 

■a 

f-l      1     -H     <U 

c 

0)  x:  CO  ?-i  -p 

3 

-P  -P    3    O    (U 

O 

CO  -H    CO    CO    (D 

^ 

3   5   S-        <^ 

o 

T3   C 

r-l 
CO 

•H 

•  * 

-P 

o 

o 

&-> 

;  Electri 
;   power, 
;     in 
;  million 
;   KWH(2) 

•»     1 

-a 

U    1  '-^  (U 

c 

Qj  x:  CO  ^  -p 

1 

13 

-P  -P    3    CJ    (D 

^-^ 

O 

CO    -H    CO     CO    QJ 

3  rH 

^ 

3   3  f-1       <^ 

co--^ 

o 

X5  C 

TJ   G 

•H 

c  o 

ro  -H 

o 

r-H     M 

•H       -         C— 

T3    -H 

f-i    Ch          O   OJ 

o  > 

-P     <D    C  -H-"— • 

O    -H 

O    3   -H  r-H   X 

3  T3 

(DO           rH    3 

r-H    ft       -H  bi; 

W                     E 

•>  1 

■C3 

U      \     r-i     O 

C 

(D   X:     CO    fn    P 

P 

-P    -P    3     O     (1) 

1  •- — ^ 

O 

CD  tH    CD    CD    0 

Xlr-i 

u 

3    3    fn          1h 

P^^ 

o 

13    C 

DO 

c 

•H 

M   O 

U-H 

O 

<U   CO 

^     n        C-^ 

■P  -H 

^  ;^        O  <>J 

C    > 

-P    (1)     C   -H^-- 

•H  -H 

O    3    -H    r-.  X 

S-cJ 

(DO           r-i  3 

iH  ft      ^  k: 

W             E 

•>  1 

'O 

^     1     rH    <D 

c 

(u  x:  CO  ?H  -p 

:3 

-p  -p  3  o  0) 

O 

CO  -H    CD    CO    (D 

1     rH 

t, 

3    3    fn          Cm 

^>— 

o 

73    C 

CO    C 

•H 

O 

m   nS 

O 

•H  m 

•H       •>          C^ 

>  ^ 

t.    !h         O  OJ 

CO  > 

^    0  C  -H^-- 

P  -H 

O    3  -H  rH  X 

TD 

(DO  rH  3 
rH  ft  -H  bi 
W                     E 

rH          --^ 

C                    rH 

O   rH 

CO  -H  o  x: 

CO    ^   -P    o 

<U    ft          fn 

CO  <           CO 

•^ —     s 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

•s 

•t 

•N 

•s 

•v 

CVJ 

o 

rH 

r-i 

ir\ 

(M 

OA 

a> 

CX) 

(T\ 

CVJ 

r-{ 

rH 

rH 

<—{ 

r^ 

^C 

<\J 

t:~- 

CO 

CO 

rH 

O 

in 

rH 

CTn 

>s 

-CI 

• 

• 

• 

• 

• 

C 

^^ 

o-~ 

ir\ 

in 

^ 

m 

CD 

o 

OJ 

CM 

OJ 

OJ 

OJ 

ft 

E 
o 

o 

• 

CO 
(U 

< 

o 

0 

rH 
CO 

o 

o 

o 

o 

o 

o 

c 

ft 

o 

o 

o 

o 

o 

tH 

0) 

CO 

•H 

o 

o 

o 

o 

o 

■p 

o 

•H 

ft 

O 

•H 

r-H 

VD 

CX) 

r^ 

^ 

o 

> 

o 

c 

(^J 

o 

OV 

o^ 

o 

(D 

f-, 

u 

p 

rH 

rH 

r-t 

rH 

QJ 

E 

W  CO 

o 

•H 

0 

-o  ^ 

f-, 

t3 

c 

(D 

-P 

P 

O 

J^ 

(JN 

OJ 

^ 

CO 

(D 

o 

rH 

^ 

t>- 

i. 

r-{ 

m 

f^ 

0 

o 

• 

• 

• 

• 

• 

m 

O 

rH 

C 

^ 

OJ 

rH 

rH 

OJ 

CD 

W 

•H 

rH 

<-i 

rH 

rH 

r-f 

o 
o 

•H 
Cm 

(D 

o 

CO 

o 

C 

CD 

-P 

o 
c 

O 

o 

O 

O 

o 

•H 

CO 

en 

O 

o 

O 

O 

o 

O 

(U 

CO 

0 

O 

o 

o 

O 

o 

CD 

x: 
-p 

a 

o 

P 

Ln 

•^ 

v^ 

r-i 

VD 

o 

lP, 

■:d- 

^ 

^ 

^ 

!m 

o 
to 

c 
o 

c 

•H 

x: 

3 

■H 
Cm 
•H 
O 
CD 

• 

CO 
0 
•-i 
CD      • 

Ov 

ON 

o 

C^ 

I>- 

•H 

CO    0 

cy^ 

cn 

t- 

o\ 

I>- 

-p 

CO 

E 

o 

• 

• 

• 

• 

• 

Jh 

C 

o 

•.•H 

c^ 

vo 

VX3 

LP* 

VD 

o 

o 

f-l 

U    > 

ft -H 

<M 

0    U 

CO 

3  0 

o 

•H 

c 

O  to 

-p 

> 

nH 

o 

ft 
o 

o 

o 

o 

o 

O 

X3  T3 

-p 

i-i  -H 

o 

o 

o 

o 

O 

C  ^ 

ft 

CD  -P 

o 

o 

o 

o 

o 

O 

P 

E 

SU    CO 

n 

•s 

•\ 

•v 

•s 

ft 

CO 

3 

3    0 

^ 

o> 

c- 

t- 

^ 

CQ 

CO 

-p  E 

^ 

c^ 

^ 

^ 

^ 

0 

(U 

C  rH    O 

u 

o 

o 

p  t3 

fn 

•H 

o 

o 

o 

> 

•H    f^ 

o 

u 

(D 

0 

^  o 

bO 

ir\ 

(^J 

ro 

VD 

t^ 

CO 

CO 

3 

CD  rH 

yo 

o\ 

o 

O 

VO 

C 

o 

CO 

• 

• 

• 

• 

• 

o 

o 

ft 

'>.H 

VD 

in 

c- 

t- 

\o 

•H 
CO 

•H 
> 

■H 

•H 

-P 
O 
0 

o 

•H 
f-i 
•P 

PA-1 
dustr 

TS  rH 

O 

Cm  c 

VO 

i>- 

(X) 

<T\ 

0 

XI 

0 

0 

O-H 

LPl 

1 

1 

LA 

1 

CD 

3 
CO 

rH 

in 

VD 

C-- 

00 

u 

in 

un 

LO 

LO 

(D 

a^ 

o> 

(3> 

CJ> 

> 

^-^ 

' — » 

r-{ 

r-t 

rH 

r-i 

< 

rH 

<>J 

-90- 


Land  Use 

As  a  first  step  in  estimating  water  utilization  in  the 
Clear  Lake-Cache  Creek  Basin,  field  surveys  and  office  compila- 
tions were  made  of  the  nature  and  extent  of  present  land  use,  as 
related  to  use  of  water.   Similarly,  the  probable  nature  and 
potential  extent  of  ultimate  land  use  was  forecast,  on  the  basis 
of  land  classification  survey  data  which  segregated  lands  in 
accordance  with  their  suitability  for  irrigated  agriculture  and 
other  uses. 

Present  Land  Use.   Present  patterns  of  land  use  were 
determined  for  both  the  Clear  Lake  and  Cache  Creek  Basins,  on  the 
basis  of  comprehensive  land  use  surveys  conducted  in  Lake  County 
in  1953,  published  in  Bulletin  No.  l4,  and  conducted  in  1954  and 
1955  during  the  Northeastern  Counties  Investigation,  the  results 
of  which  are  published  in  Bulletin  No.  58.   In  this  regard,  the 
Clear  Lake  Basin  embraces  essentially  the  same  area  as  Hydrographic 
Unit  No.  30,  as  published  in  Bulletin  No,  58,   Data  obtained  from 
these  land  use  surveys,  adjusted  to  reflect  the  decrease  in  acreage 
of  rice  since  that  time,  and  the  corresponding  increase  in 
acreages  of  truck  and  field  crops,  are  considered  to  represent 
"present"  conditions  of  land  use  in  the  Clear  Lake-Cache  Creek 
Basin.   Results  of  the  surveys,  as  adjusted,  are  presented  in 
Table  19.   Present  land  use  in  the  basin  is  shown  on  Plate  11, 
entitled  "Classification  of  Lands  for  Water  Service". 

Land  use  within  the  Cache  Creek  Service  Area  is  shown 
in  Table  19  under  four  subdivisions  or  units,  designated  the 
"Capay  Valley  Unit",  "Hungry  Hollow  Unit",  "Winters  Unit",  and  the 
"Moore  Unit".   The  latter  three  units  constitute  a  further  sub- 
division of  the  lower  Cache  Creek  area  referred  to  in  Chapter  II. 
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These  units  are  delineated  on  Plate  1.  They  were  established  to 
facilitate  evaluation  of  water  utilization  and  requirements,  and 
will  be  referred  to  in  subsequent  discussion  herein. 
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The  most  significant  development  and  use  of  land  within 
the  Clear  Lake  Basin  is  concentrated  in  the  valley  floor  areas 
adjacent  to  Clear  Lake,  Extensive  areas  of  agricultural  lands 
are  irrigated  in  Big  Valley,  Scott  Valley,  and  the  Upper  Lake 
area  around  the  westerly  portion  of  Clear  Lake.   The  lands  pres- 
ently (1955)  irrigated  within  those  areas,  amounting  to  11,430 
acres,  comprise  75  percent  of  the  total  irrigated  lands  (15,260 
acres)  in  the  basin.   The  principal  irrigated  crop  is  deciduous 
orchard,  consisting  mainly  of  pears  and  walnuts.   Other  leading 
crops  are  pasture  and  alfalfa,  with  smaller  amounts  of  field  and 
vineyard  crops. 

Irrigation  development  is  confined  principally  to  Big 
Valley,  Scott  Valley,  and  the  Upper  Lake  area  because  firm  water 
supplies  can  be  obtained  from  the  underlying  ground  water  basins. 
The  remaining  irrigated  areas  also  rely  on  ground  water,  and  to 
some  extent  on  diversions  from  streams.   In  addition  to  the  irri- 
gated areas,  about  16,000  acres  in  Big  Valley,  Scott  Valley,  and 
the  Upper  Lake  area  sustain  a  dry-farmed  economy  of  orchard, 
pasture,  and  field  crops.   In  many  instances,  the  dry-farmed 
orchards  are  on  hillside  lands  not  feasible  of  irrigation  from 
ground  water  supplies. 

The  Irrigated  lands,  as  surveyed  in  the  Cache  Creek 
Service  Area  in  1955*  amounted  to  69,440  acres.  The  most  widely 
planted  crop  at  that  time  was  alfalfa  with  20,000  acres,  followed 
by  rice  with  l4,300  acres.   However,  during  the  period  since  1955* 
there  has  been  a  marked  decrease  in  the  acreage  of  rice  grown  in 
the  service  area.  The  decrease  is  attributed  to  such  factors  as 
governmental  controls  on  rice  acreages,  excessive  amounts  of  water 
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Clear  Lake  Basin 


'-^^^'•^ 


i    f 


ABOVE: 

Young  and  old 
almond  trees  in 
bloom  near  Clear 
lake  Ooks 

LEFT: 

Young  walnut 
orchards  on 
hill  lands  south 
of  Mt.  Konocti 


Department  of  Water 
Resources  photographs 


i 


required  to  raise  rice  on  the  soils  in  the  service  area,  cost  of 
water  from  both  surface  and  underground  sources,  and  the  opportunity 
for  greater  income  from  truck  and  field  crops  such  as  tomatoes  and 
sugar  beets. 

It  was  estimated  that  the  rice  acreage  in  the  Cache  Creek 
Service  Area  had  decreased  in  1959  to  only  2,300  acres.   It  was 
further  estimated  that  the  average  rice  acreage  during  the  6-year 
study  period  was  8,000  acres,  which  acreage  was  considered  to 
represent  "present"  rice  irrigation.   The  decrease  from  the  1955 
level  of  rice  iri'igation  was  considered  to  be  divided  equally 
between  truck  crops  and  field  crops.   With  respect  to  rice,  truck, 
and  field  crops,  the  figures  shown  in  Table  19  reflect  the  adjusted 
values,  w'hich  are  considered  to  represent  the  average  crop  pattern 
during  the  6-year  study  period. 

Potential  Ultimate  Pattern  of  Land  Use,   As  previously 
stated,  lands  in  the  Clear  Lake-Cache  Creek  Basin  were  classified 
during  previous  investigations  with  respect  to  their  suitability 
for  irrigated  agriculture.   As  part  of  the  Northeastern  Counties 
Investigation,  the  location  and  extent  of  all  irrigable  lands 
were  determined  by  field  surveys  which  grouped  the  lands  into  their 
appropriate  classifications  of  irrigability  and  crop  adaptability. 
During  those  surveys,  considerable  emphasis  was  placed  upon  the 
classification  procedure  and  the  projection  of  the  potential  ulti- 
mate crop  pattern.  Both  of  these  considerations  are  significant 
in  determining  the  water  requirements  to  be  used  in  water  project 
planning  studies,  and  the  agricultural  benefits  to  be  used  for 
economic  analysis  of  water  projects. 
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The  suitability  of  land  for  irrigation  development  is 
influenced  by  many  factors.   Physical  characteristics  and  topo- 
graphy of  the  land,  as  well  as  characteristics  of  the  soil  itself, 
such  as  texture,  depth,  and  structure,  directly  affect  adaptability 
of  the  land  for  irrigation  development.   Further,  the  location  of 
the  land  with  respect  to  the  available  water  supply  affects  the 
degree  of  possible  development  through  irrigation.   Some  of  the 
indirect  factors  are  climatic  conditions  and  the  production  and 
marketing  of  climatically  adapted  crops.   For  the  Clear  Lake-Cache 
Creek  Basin  Investigation,  all  pertinent  factors,  direct  and 
indirect,  were  considered  in  projecting  future  requirements  for 
water.   Lands  classified  as  suitable  for  irrigation  development 
were  segregated  into  three  broad  topographic  groups;  smooth-lying 
valley  lands,  slightly  sloping  and  undulating  lands,  and  steeper 
and  more  rolling  lands.   Where  other  conditions  limited  the 
suitability  of  the  lands  to  produce  climatically  adapted  crops, 
the  three  broad  classes  were  further  subdivided  in  accordance  with 
the  nature  of  the  limitations.   Such  limiting  conditions  included 
shallow  soil  depths,  rockiness,  high-water  tables,  coarse  textures 
with  low  moisture-holding  capacities,  very  fine  textures  limiting 
the  effective  depth,  and  the  presence  of  saline  and  alkaline  salts. 

A  summary  of  results  of  the  land  classification  is 
presented  in  Table  20,  which  shows  the  three  general  categories 
of  irrigable  lands  and  other  principal  land  use  classes,  by  units 
of  the  Clear  Lake-Cache  Creek  Basin, 
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Even  in  the  most  intensively  developed  areas  of  irri- 
gated agriculture,  not  all  of  the  irrigable  lands  receive  water 
every  year.   Since  results  of  the  land  classification  survey  were 
in  terms  of  gross  areas,  it  was  necessary  to  determine  the  net 
acreage  that  might  ultimately  be  irrigated  in  any  one  year.   This 
will  depend  on  one  or  more  of  the  following  factors: 

1.  Quality  of  the  Land  and  Crop  Rotation.   (Higher 
quality  lands  tend  to  be  intensively  developed  for 
continuous  irrigation,  with  the  best  farming  practices. 
Poorer  quality  lands  are  apt  to  be  in  production  only 
under  favorable  economic  conditions.   Some  lands  in  all 
irrigated  areas  lie  fallow  each  year.) 

2.  Irrigable  Areas  Utilized  for  Purposes  Other 
Than  Agriculture,   (Urban  development,  farm  lots,  high- 
ways, railroads,  canals,  and  industrial  sites.) 

3.  Inclusions  of  Nonirrigable  Land,   (Usually  the 
occurrence  of  nonirrigable  areas  is  greatest  in  the 
marginal  classes.) 

4.  Size,  Shape,  and  Location  of  Irrigable  Land. 
(Small  irregular  plots  cannot  be  as  completely  developed 
as  large  compact  units.   Further,  land  in  small  owner- 
ships is  not  as  subject  to  intensive  development  as  in 
large  ownerships.) 

5.  Ease  of  Development,   (Smooth  valley  lands  are 
more  subject  to  intensive  development  than  lands  with 
adverse  topographic  or  soil  conditions,) 
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In  projecting  the  potential  ultimate  land  use  in  the 
Clear  Lake-Cache  Creek  Basin,  consideration  was  given  to  the 
present  irrigation  development,  to  recent  trends  in  cropping 
practices,  and  to  probable  trends  of  urban  encroachment  upon 
agricultural  areas.   County  farm  advisors  and  leaders  in  agri- 
culture throughout  the  basin  furnished  valuable  information  to 
aid  in  the  forecast  of  future  agricultural  development.   The  po- 
tential ultimate  land  use  pattern,  so  determined,  is  presented  in 
Table  21. 
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In  connection  with  Table  21,  and  in  subsequent  dis- 
cussion throughout  this  bulletin,  the  term  "ultimate"  should  be 
defined.   As  used,  the  term  refers  to  conditions  after  an  un- 
specified but  long  period  of  years  in  the  future  when  development 
of  the  land  and  water  resources  will  be  essentially  stabilized. 

Because  of  the  present  intensive  development  within  the 
Cache  Creek  Service  Area,  and  the  anticipated  rapid  Increase  if 
additional  water  supplies  are  made  available,  it  was  considered 
that  ultimate  development  will  have  been  essentially  attained 
within  the  next  50  years  or  so.   In  consideration  of  this  assumed 
development  period,  and  of  the  50-year  period  adopted  for  analysis 
of  proposed  water  development  projects  discussed  in  Chapter  IV,  the 
year  2015  was  chosen  as  representative  of  ultimate  development  in 
the  Cache  Creek  Service  Area.   However,  in  the  Clear  Lake  Basin 
the  rate  of  development  was  not  projected,  and  the  time  at  which 
ultimate  conditions  may  be  attained  was  not  designated. 

It  may  also  be  noted  in  Table  21  that  irrigated  lands  in 
the  Cache  Creek  Service  Area  are  shown  under  the  general  categories 
of  "major"  and  "minor"  irrigation  season.   The  major  irrigation 
season  extends  from  April  through  October,  the  growing  season  of 
the  primary  agricultural  crops.   The  minor  irrigation  season  covers 
the  fall  months  of  September  and  October  and  the  spring  months  of 
March  and  April,  during  which  months  irrigation  supplements  winter 
rainfall  in  the  production  of  field  and  truck  crops  in  the  areas 
subject  to  double  cropping.   At  present,  there  is  a  trend  toward 
double  cropping  in  the  service  area,  to  the  extent  that  in  1955 
an  estimated  4,100  acres  were  so  planted.   It  is  expected  that  this 
practice  will  increase,  and  that  ultimately  about  20  percent  of  the 
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irrigated  area  will  be  double  cropped.   It  is  forecast  that 
20,000  acres  will  be  subject  to  double  cropping  (for  example, 
winter  planting  of  spinach  following  the  fall  harvesting  of 
tomatoes)  in  the  Cache  Creek  Service  Area, 

It  is  believed  that  in  the  Clear  Lake  Basin  deciduous 
orchard  will  remain  one  of  the  significant  crops.   Pears  and 
walnuts,  because  of  their  suitability  to  the  climate  and  soils, 
could  be  increased  to  about  29,000  acres.   It  is  anticipated  that 
with  the  development  of  dependable  water  supplies  there  would  be 
extensive  increases  in  the  acreages  of  alfalfa  and  pasture  to 
support  livestock.   The  predicted  acreages  of  alfalfa  and  pasture 
are  13,000  and  21,000  acres,  respectively.   Other  smaller  areas 
would  be  devoted  to  grain,  hay,  truck,  and  field  crops,  for  a  total 
net  irrigated  area  of  some  69*000  acres. 

Most  of  the  irrigable  lands  in  the  Cache  Creek  Service 
Area  are  of  high  quality  with  few  physical  limitations.   Of  the 
145,000  acres  classified  as  gross  irrigable  area,  the  maximum  net 
irrigable  area  was  estimated  to  be  about  129,000  acres.   However, 
after  taking  into  account  estimated  future  expansion  of  urban  areas, 
the  actual  net  irrigable  area  probably  will  not  exceed  118,000 
acres.   The  potential  ultimate  (2015)  crop  pattern  was  projected 
for  the  latter  figure. 

The  projected  potential  ultimate  crop  pattern  within  the 
Cache  Creek  Service  Area  for  the  major  irrigation  season  would 
consist  of  38,000  acres  of  truck  crops  and  37,000  acres  of  field 
crops,  comprising  about  one-half  of  the  irrigated  area.   Deciduous 
orchards  would  double  from  the  present  acreage  to  l4,000  acres. 
The  area  planted  to  alfalfa  would  increase  only  slightly  to  24,000 
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acres,  and  pasture  would  decrease  to  about  5,000  acres.   No  rice 
was  included  in  the  ultimate  crop  pattern.   The  selection  of  these 
crop  acreages  and  distribution  was  influenced  by  both  the  suita- 
bility of  crops  to  land  types  and  the  payment  capacity  of  various 
crops.   With  the  prospect  of  more  intensive  farming,  crops  having 
relatively  high  water  requirements  and  with  a  marginal  ability  to 
pay  are  not  expected  to  compete  favorably  with  crops  providing 
greater  returns. 

Urban  growth  will  be  of  considerable  significance  in  the 
Cache  Creek  Service  Area.   Population  within  the  service  area  is 
expected  to  increase  from  25,000  at  the  present  time  (1955)  to 
some  205,000  by  2015.   The  City  of  Woodland  is  expected  to  experi- 
ence a  corresponding  increase  in  areal  extent  from  the  present 
(1955)  area  of  1,800  acres  to  an  area  of  14,000  acres  by  2015. 
The  remaining  urban  areas,  principally  Davis,  and  including  the 
smaller  communities  of  Winters  and  Esparto,  are  similarly  expected 
to  grow  from  a  present  total  area  of  1,000  acres  to  some  12,500 
acres  by  2015.  Because  of  the  highly  developed  agricultural  lands, 
particularly  adjacent  to  Davis  and  Woodland,  urban  expansion  will 
replace  irrigated  agriculture  to  a  considerable  extent. 

The  projected  rate  of  increase  in  irrigated  and  urban 
areas  in  the  Cache  Creek  Service  Area,  by  decades,  from  the  present 
(1955)  to  2015  is  shown  in  Table  22.   The  effect  of  the  encroachment 
of  urban  development  upon  irrigated  lands  beyond  1975  Is  quite 
evident.   Table  22  also  shows  that  the  service  area  will  be  nearly 
fully  developed  by  1975. 
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TABLE  22 

ESTIMATED  NET  IRRIGATED  AND  URBAN  AREAS 
IN  CACHE  CREEK  SERVICE  AREA 
BY  DECADES  FROM  1955  TO  2015 

(In  acres) 


Irrigated 

lands 

Urban 

Total 

Year 

Major     : 

irrigation    : 

season     : 

Minor 
irrigation 
season* 

water 
service 
area 

1955 

69,400 

4,100 

2,800 

76,300 

1965 

60,600 

5,400 

4,400 

70,400 

1975 

118,000 

12,100 

6,400 

136,500 

1985 

115,900 

14,800 

9,600 

140,300 

1995 

112,100 

17,200 

14,300 

143,600 

2005 

107,600 

19,300 

20,000 

146,900 

2015 

102,300 

19,600 

26,500 

148,400 

*  Area  irrigated  during  minor  irrigation  season  represents 
double  cropping  on  lands  also  used  during  major  irri- 
gation season. 


Unit  Use  of  Water 

The  second  step  in  evaluation  of  water  utilization  and 
requirements  involved  determination  of  unit  values  of  water  use 
for  each  of  the  major  types  of  land  use  in  the  Clear  Lake-Cache 
Creek  Basin.   In  general,  unit  values  of  water  use  for  Irrigated 
agriculture  had  been  developed  in  past  investigations  of  the  basin. 

Values  of  unit  use  of  water,  as  discussed  and  presented 
in  this  section,  are  of  two  types,  determined  on  separate  but 
closely  related  bases.   The  first  type  of  unit  use  is  the  con- 
sumptive use  of  applied  water,  or  the  quantity  of  surface  or  ground 
water  actually  consumed  by  the  particular  type  of  land  use  to  which 
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such  water  is  applied.  Unit  consumptive  use  of  applied  water 
serves  as  the  basis  for  determining  the  area  of  irrigated  and  urban 
lands  that  can  be  sustained  by  a  given  water  supply,  both  surface 
and  underground,  provided  the  service  area  overlies  an  unconfined 
ground  water  basin.  This  latter  holds  for  the  entire  Cache  Creek 
Service  Area  and  for  the  bulk  of  the  Irrigated  areas  in  the  Clear 
Lake  Sasin. 

The  second  type  of  unit  water  use  considered  in  this 
section  concerns  the  application  of  water,  and  it  includes  in 
addition  to  actual  consumptive  use  of  applied  water,  the  losses  of 
water  during  application.   Nearly  all  of  these  losses  are  Involved 
in  the  irrigation  of  crops.   In  the  Cache  Creek  Service  Area  and 
In  the  majority  of  irrigated  area  in  the  Clear  Lake  Basin,  these 
application  losses  percolate  to  ground  water  and  are  available  for 
re-use.   Unit  values  of  applied  water  were  used  as  the  basis  for 
determining  the  area  that  can  be  served  with  surface  water  from 
water  development  projects  to  be  evaluated  in  Chapter  IV, 

Unit  values  of  consumptive  use  of  applied  water  for  Big 
Valley,  Scott  Valley,  and  the  Upper  Lake  area  of  the  Clear  Lake 
Basin  were  taken  from  Department  of  Water  Resources  Bulletin  No.  l4, 
These  values  were  derived  during  a  study  by  the  Soil  Conservation 
Service  of  the  U.  S,  Department  of  Agriculture,  in  1953*  in  co- 
operation with  the  Department  of  Water  Resources,   The  estimates 
were  based  upon  the  Blaney-Crlddle  method  of  analysis,  which 
correlates  measured  values  of  consumptive  use  of  water  by  repre- 
sentative crops  with  climatic  data.   Unit  values  of  consumptive 
use  of  applied  water  for  portions  of  the  Clear  Lake  Basin  not 
covered  by  the  foregoing  study  were  taken  from  Bulletin  No,  58, 
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These  values  also  were  based  upon  the  Blaney-Crlddle  method  of 
estimation,  as  presented  in  State  Water  Resources  Board  Bulletin 
No.  2,    "Water  Utilization  and  Requirements  of  California". 

The  unit  values  of  consumptive  use  of  applied  water  for 
the  Cache  Creek  Service  Area  were  used  as  published  in  Bulletin 
No.  20,   These  values  were  estimated  from  direct  measurements  of 
consumptive  use  for  crops  grown  on  the  University  of  California 
at  Davis,  and  from  correlations  of  the  resulting  data  with  climato- 
logical  factors. 

In  all  cases,  estimates  were  prepared  separately  for 
irrigated  alfalfa,  improved  pasture,  rice,  and  vineyards.   How- 
ever, the  categories  of  deciduous  orchard,  truck,  and  field  crops 
each  represent  a  group  of  crops  with  unit  consumptive  use  values 
so  similar  as  not  to  justify  their  separate  evaluation.   Deciduous 
orchard  includes  almonds,  walnuts,  pears,  apricots,  and  prunes. 
Truck  crops  include  tomatoes  and  other  vegetable  crops.   Field 
crops  include  safflower,  sugar  beets,  field  corn,  and  sorghums. 
The  unit  values  for  each  category  were  determined  by  preparing 
estimates  for  each  crop  from  available  data,  and  by  averaging  these 
values  in  accordance  with  the  acreage  of  each  crop. 

Unit  values  of  urban  consumptive  use  of  applied  water 
were  determined  from  individual  data  for  the  City  of  Woodland  and 
combined  data  for  Davis,  Winters,  and  Esparto.   These  values  were 
based  on  a  present  (1959)  daily  per-capita  consumption  of  400 
gallons  in  Woodland  and  250  gallons  in  the  remaining  communities. 
It  is  estimated  that  increasing  population  densities,  combined  with 
increasing  per-capita  water  consumption  due  to  the  greater  use  of 
automatic  household  utilities,  will  result  in  a  25  percent  increase 
in  unit  urban  water  requirements  by  2015. 
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Estimated  unit  values  of  consumptive  use  of  applied 
water  by  irrigated  crops  and  by  urban  areas  in  the  Clear  T^ake- 
Cache  Creek  Basin  are  presented  in  Table  23. 


TABLE  23 

ESTIMATED  UNIT  VALUES  OF  MEAN  ANNUAL 

CONSUMPTIVE  USE  OF  APPLIED  WATER 
IN  CLEAR  LAKE-CACHE  CREEK  BASIN 

(In  feet  of  depth) 


Clear  Lake  Basin 


Land  use 


Cache 

Creek 

;Service  Area 


:Blg  Valley,  Scott: 
: Valley,  and  Upper: 

Lake  area :  Remaining  areas 


Irrigated  crops 

Orchard 

1.8 

Alfalfa 

2.7 

Pasture 

3.0 

Truck 

1.9 

Field 

1.7 

Rice 

4.1 

Vineyard 

1.4 

Urban  area 

Present 

1.0 

Ultima  te 

1.3 

1.3 
2.5 
2.5 

0.8 
0.8 

1.3 

0.6 

0.8 


1.3 
2.0 

2.3 
0.8 
0.8 

1.4 

0.6 
0.8 


Estimated  unit  values  of  applied  water,  measured  as  farm 
delivery  requirements  for  surface  supplies  and  as  gross  pumpage  for 
ground  water  supplies,  are  set  forth  in  Table  24.  The   farm  delivery 
requirements  In  the  Cache  Creek  Service  Area  were  derived  by  di- 
viding the  unit  consumptive  use  of  applied  water  by  the  irrigation 
efficiency.   The  term  ''irrigation  efficiency"  refers  to  the  ratio 
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of  the  consumptive  use  of  applied  water  to  the  total  application 
of  v;ater,  expressed  as  a  percent.   An  irrigation  efficiency  of 
70  percent  was  adopted  for  this  investigation,  based  upon  informa- 
tion furnished  by  the  office  of  the  Yolo  County  Farm  Advisor. 

With  respect  to  the  Clear  Lake  Basin,  unit  values  of 
applied  water  were  developed  for  Big  Valley,  Scott  Valley,  and 
the  Upper  Lake  area,  from  field  records  collected  during  the  Lake 
County  Investigation  during  the  period  from  1949  through  1952, 
Unit  values  for  the  remainder  of  the  present  and  potential  water 
service  areas  were  taken  from  Bulletin  No.  ^8,    and  were  based  upon 
an  irrigation  efficiency  of  60  percent. 


TABLE  24 

ESTIMATED  UNIT  MEAN  ANNUAL  VALUES  OF 

APPLIED  WATER  FOR  PRINCIPAL  LAND  USES 

IN  CLEAR  LAKE-CACHE  CREEK  BASIN 

(in  feet  of  depth) 


Clear   Lake  Basin 


Land  use 


Cache  Creek 
Service  Area 


Big  Valley,  Scott  : 
Valley,  and  Upper  : 

lake  area  :    Remainder 


Irrigated  crops 

Orchard 

2.6 

Alfalfa 

3.9 

Pasture 

4.3 

Truck 

2.7 

Field 

2.5 

Rice 

9.0 

Vineyard 

2.5 

Urban 

Present 

2.3 

Ultimate 

2,8 

2.3 
4,0 
3.0 
2,0 
1.7 

0.6 

1.3 
1.8 


2.2 

3.3 
3.8 

1.3 
1.3 

2.3 

1.3 
1.8 
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Consumptive  Use  of  Applied  Water 

Water  utilization  in  the  Clear  Lake-Cache  Creek  Basin 
was  evaluated  by  multiplying  the  acreage  of  each  type  of  land  use 
by  the  appropriate  unit  value  of  consumptive  use  of  applied  water. 
The   estimated  present  and  potential  ultimate  mean  seasonal  con- 
sumptive use  of  applied  water  in  the  basin  is  summarized  in 
Table  2|:>,  for  irrigated  and  urban  areas  and  by  appropriate  sub- 
divisions of  the  basin.   The  values  shown  for  present  consumptive 
use  of  applied  water  represent  the  summation  of  the  products  of 
the  acreages  shown  in  Table  19  and  the  appropriate  unit  values 
listed  in  Table  23.   Similarly,  the  potential  ultimate  consumptive 
use  of  applied  water  shown  in  Table  25  represents  the  summation  of 
the  products  of  the  data  from  Tables  21  and  23. 
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The   values   shown   in  Table   25   include   the   consumptive 
use  of  both   surface  and  ground  water.      In  the   Clear  Lake  Basin, 
present  water  supplies  are  developed  almost  entirely   from  under- 
ground  sources;    whereas   in  the   Cache   Creek  Service   Area    the  use 
of  surface  water  is   substantial,    although  ground  water  serves   as 
the  primary   source.      In  analyzing  the   hydrology  of   the   latter 
area,    particularly  with   respect   to  evaluation  of   safe  ground  water 
yield,    the  present   consumptive  use  of  ground  water  was   estimated, 
utilizing  records   of  power  consumption  and   surface  diversions, 
with  due   consideration  to   irrigation  efficiencies  and  present 
irrigation  patterns.      The  estimated  breakdown  of  present  mean 
annual      consumptive     use  of  applied  water,    as  between  ground  water 
and   surface  water,    is   shown  in  the   following  tabulation: 

Ground  water  Surface  water 

Clear  Lake  Basin       28,000  acre-feet  1,000  acre-feet 

Cache   Creek 

Service   Area  142,000  acre-feet        39,000  acre-feet 

Water  Requirements 

This   section  considers  and  evaluates   the  present  and 
potential  ultimate   requirements   for  developed  and  delivered  water 
at   the  place  of  use;    discusses   the   important   nonconsumptive  uses 
of  water,    for  control   of   floods  and   for  fish,    wildlife,    and 
recreation;    discusses   factors  affecting  the   delivery   and  applica- 
tion of  water,    and   the   losses   incidental   to   such  delivery  and 
application;    and  evaluates   the  present  and  potential  ultimate 
requirement   for  supplemental  water  within   the   Clear  Lake-Cache 
Creek  Basin, 
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Application  of  Water 

As  previously   stated,    water  requirements  are  evaluated 
in  this  bulletin  as  delivery  to   the   farmer's  head  gate   for 
surface  water  supplies,    and  as  gross   pumpage   from  ground  water 
sources.     Both   the  head-gate  delivery  and  gross  pumpage  are 
equivalent   to   the  amount  of  applied  water,    and  they  have  been 
so  evaluated.      Water  requirements,    as   evaluated  on  this   basis, 
were  used   in  determining  project  accomplishments  described   in 
Chapter   IV, 

The   estimated  present  and  potential  ultimate  mean 
annual  application  of  water  in  the  Clear  Lake-Cache   Creek  Basin 
is   summarized   in  Table   26,      The   values   shown  for  present  applica- 
tion of  water  represent   the   summation  of   the   products   of   the 
acreages   shown  in  Table   19  and   the  appropriate  unit   values 
listed   in  Table   24,      Similarly,    the   values   shown  for  potential 
ultimate  application  of  water  represent   the   summation  of   the 
products  of   the  data    from  Tables   21  and   24, 
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As  a  check  on  the  estimated  present  (19^5)  appli- 
cation of  irrigation  water  in  the  Cache  Creek  Service  Area, 
as  presented  in  Table  26,  records  of  water  sales  by  the  Clear 
Lake  Water  Company  and  of  power  sales  by  the  Pacific  Gas  and 
Electric  Company  were  analyzed,  and  tabulated  by  year  (April  1 
through  March  31)  for  the  6-year  study  period.  These  data  are 
shown  in  Table  27.  The  values  shown  for  surface  water  sales 
represent  actual  records  of  water  delivered  to  the  farmer's 
head  gate.  The  values  shown  for  ground  water  pumpage  were 
developed  from  records  of  sales  of  electric  energy,  in  kilowatt- 
hours,  which  records  were  converted  to  pumpage  of  water,  as 
described  in  an  earlier  section  of  this  chapter. 


TABLE  27 

ANNUAL  APPLICATION  OP  IRRIGATION 
WATER  WITHIN  CACHE  CREEK  SERVICE  AREA 
DURING  SIX-YEAR  STUDY  PERIOD 

(In  acre-feet) 


Season 
(April  1  to 
March  1 ) 


Record  of  water  sales    : 
by  Clear  Lake  Water  Company; 


Ground  water 
pumpage 


Total 


1953-5^ 
195^-55 
1955-56 
1956-57 
1957-58 

1958-59 

Average 


111,000 
109,000 
87,000 
76,000 
66,000 
58,000 
85,000 


230,000 
219,000 
222,000 
190,000 
191,000 
181,000 
205, 500 


3^1,000 
328,000 
309,000 
266,000 
257,000 
239,000 
290,000 


As  shown  in  Table  27,  the  recorded  and  computed 
annual  application  of  water  in  the  Cache  Creek  Service  Area 
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varied  from  3^1,000  acre- feet  for  1933-5^  to  239,000  acre-feet 
for  19!?8-59>  and  averaged  290,000  acre-feet  for  the  6- year 
study  period.   The  estimated  present  mean  annual  application 
of  Irrigation  water  is  shown  in  Table  26  to  be  about  280,000 
acre- feet.   It  should  be  noted  that  Table  27  shows  actual 
water  sales  by  the  Clear  Lake  Water  Company,  as  measured  at 
the  farm  head  gate.   These  values  are  substantially  lower 
than  the  diversions  from  Cache  Creek  which  were  shown  in 
Table  17. 

The  data  presented  in  Table  27  reveal  a  significant 
recent  trend  within  the  Cache  Creek  Service  Area.   It  is 
indicated  that  the  application  of  water  has  decreased  steadily 
since  1953-5^.   Much  of  this  deci'ease  may  be  attributed  to  the 
decrease  in  the  area  planted  to  rice  within  the  service  area. 
As  previously  discussed,  whereas  l4,000  acres  of  rice  were 
included  in  the  crop  pattern  surveyed  in  1955,  it  is  estimated 
that  only  about  2,000  acres  were  planted  in  1959-   Moreover, 
other  factors,  such  as  efforts  of  irrigators  to  use  water  more 
efficiently,  and  the  planting  of  field  crops  that  require 
smaller  amounts  of  irrigation,  have  tended  to  decrease  water 
use  in  the  service  area. 

Nonconsumptive  Water  Requirements 

As  has  been  stated,  certain  nonconsumptive  requirements 
for  water,  such  as  those  for  flood  control,  recreation,  and 
conservation  of  fish  and  viildlife,  will  be  of  significance 
in  the  design  of  facilities  to  meet  consumptive  requirements 
in  the  Clear  Lake-Cache  Creek  Basin.   Except  for  the  temporary 
reregulation  of  waters  in  the  operation  of  flood  control 
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features,  the  maintenance  of  desired  water-surface  levels  in 
reservoirs  for  recreational  purposes,  and  the  releases  of 
flows  for  the  maintenance  of  the  fisheries  in  Cache  Creek, 
these  purposes  were  considered  to  have  no  effect  upon  the 
water  resources  available  for  conservation  within  the  basin. 

Flood  Control .   Portions  of  the  Clear  Lake-Cache 
Creek  Basin  are  subject  to  flood  damage.   Flood  control 
projects  constructed  and  maintained  by  federal,  state,  and 
local  agencies  have  provided  protection  to  areas  in  the  vicinity 
of  Upper  Lake  and  along  the  lower  reaches  of  Cache  Creek. 
However,  the  flood  threat  still  exists  along  the  shore  line 
of  Clear  Lake  and  in  areas  bordering  the  reach  of  Cache  Creek 
between  Rumsey  and  State  Highway  99W  near  Yolo. 

Floods  in  the  basin  occur  principally  from  runoff 
of  high-intensity  rainstorms  during  winter  and  spring  months. 
These  floods  are  characterized  by  rapidly  rising  peak  flows 
of  short  duration.  The  pattern  of  storms  contributing  to  flood 
conditions  often  causes  a  number  of  peaks  v/lthln  a  short  period 
of  time  and,  often,  large  quantities  of  water  are  produced.   As 
reaches  of  the  streams  are  relatively  short  and  channel 
gradients  are  steep,  peak  flood  flows  usually  pass  completely 
through  the  basin  within  a  24-hour  period.  The  effects  of  such 
floods  are  different  for  the  upper  and  lower  areas  of  the  basin. 

The  shore  line  of  Clear  Lake  has  been  subject  to 
flooding  throughout  its  history.   The  flood  problem  is  caused 
primarily  by  the  restricted  outlet  channel  of  the  lake,  which 
has  a  discharge  capacity  of  about  2,500  second-feet  at  eleva- 
tion 7.56  feet  on  the  Rumsey  Gage,  and  a  maximum  of  about 
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5,000  second-feet  at  extreme  flood  stage.   With  historical 
flood  inflows  to  the  lake  in  excess  of  40,000  second- feet, 
a  considerable  volume  of  flood  waters  must  be  stored  tempor- 
arily in  the  lake.  Although  a  dam  was  constructed  on  the 
outlet  channel  in  19l4,  it  has  not  affected  the  channel 
capacity,  as  the  Impaii'ment  to  flow  is  caused  by  a  natural 
upstream  restriction,  the  Grigsby  Riffle.   Water  supply  records 
indicate  that  the  outflow  capacity  of  the  channel  was  less 
before  the  dam  was  built  than  at  present,  because  of  channel 
dredging  operations.   These  dredging  operations  were  halted 
before  completion  by  a  court  suit  which  resulted  in  the  Gopcevlc 
Decree.   Although  the  Gopcevlc  Decree  sets  the  maximum  flood 
water  storage  elevation  in  Clear  Lake  at  9.0  feet  on  the  Rumsey 
Gage,  it  is  not  physically  possible  to  operate  within  this 
limit  with  the  existing  restricted  outlet  channel.   Records  of 
water  surface  elevations  in  Clear  Lake  since  l874  shov/  that 
elevation  7.56  has  been  exceeded  38  times,  and  that  elevation 
9.0  feet  has  been  exceeded  20  times. 

In  February,  March,  and  April  of  1938?  the  elevation 
of  Clear  Lake  reached  a  maximum  of  10.88  feet  and  exceeded  9.0 
feet  for  a  total  of  44  days.   During  all  of  this  time  tne 
maximum  possible  release  was  being  made  from  the  lake.   The 
United  States  Army  Corps  of  Engineers  determined  that  in  1958 
about  4,000  acres  of  residential,  commercial,  and  agricultural 
lands  were  flooded.   The  depth  of  flooding  averaged  about  2 
feet,  and  water  was  standing  in  many  homes  and  business  estab- 
lishments for  as  long  as  two  months.   Damage  adjacent  to  Clear 
Lake  caused  by  the  flood  of  1958,  was  estimated  to  be  $880,000. 
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The  reach  of  Cache  Creek  downstream  from  Rumsey 
experiences  flooding  when  the  discharge  of  Cache  Creek  exceeds 
the  channel  capacity  and  flows  over  adjacent  lands.   Damage 
also  occurs  from  bank  erosion  during  high  flows.   Extensive 
areas  of  rich  farm  land  bordering  the  stream  have  been  destroyed 
by  flood  erosion.  A  further  result  of  such  erosion  Is  evidenced 
by  the  rapid  accumulation  of  silt  In  the  Cache  Creek  Settling 
Basin,  which  Is  designed  to  prevent  excessive  amounts  of  silt 
from  entering  the  Yolo  Bypass. 

The  Corps  of  Engineers  has  constructed  levees  along 
the  lower  reach  of  Cache  Creek  from  the  vicinity  of  Yolo  down- 
stream to  the  settling  basin.  The  present  design  capacity  of 
20,000  second- feet  Is  inadequate;  however.  Improvement  of  the 
levee  system  Is  planned.   A  levee  break  occurred  during 
February, 1956,  flooding  about  700  acres.   In  February,  1958j 
the  levees  successfully  held  a  peak  flow  of  about  38,000 
second- feet.   However,  the  levees  were  under  constant  surveil- 
lance, and  timely  sand  bagging  In  critical  areas  prevented 
major  flooding.  At  the  same  time  Cache  Creek  overflowed  its 
banks  upstream  from  the  levees,  flooding  farm  lands  and 
Highway  99.   Flood  damage  along  the  lower  reach  of  Cache  Creek 
during  the  1958  flood  was  estimated  by  the  Corps  of  Engineers 
to  be  about  $520,000. 

The  Corps  of  Engineers  has  estimated  that  flood  con- 
trol storage  works  on  Cache  Creek  should  be  operated  to  limit 
peak  discharges  In  Cache  Creek  at  Capay  to  21,000  second-feet. 
Reduction  of  flood  flows  to  this  amount  would  also  eliminate 
the  threat  of  damage  by  erosion  and  overflow  during  all  but 
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the  most  severe  floods.   Flood  control  aspects  of  project 
operation  are  discussed  In  detail  in  Chapter  IV. 

Requirements  for  Recreation.   In  the  current  planning 
for  comprehensive  development  of  the  Clear  Lake-Cache  Creek 
Basin,  full  consideration  was  given  al]  beneficial  uses  of  the 
water  resources  including  recreation  use  and  preservation  and 
enhancement  of  fish  and  wildlife  resources.   Since  development 
of  the  recreational  potential  is  becoming  increasingly  impor- 
tant, emphasis  was  placed  upon  determining  present  levels  of 
recreation  use  in  the  basin,  the  potential  for  future  recrea- 
tion enhancement,  and  the  requirements  of  potential  water 
projects  in  achieving  the  fullest  development  of  recreational 
facilities. 

Preliminary  findings  with  regard  to  recreation  in 
the  basin  were  published  in  Bulletins  No.  l4  and  No.  20.   A 
more  intensive  study  was  prepared  for  the  department  in  1958 
by  the  firm  of  Wilsey,  Ham,  and  Blair,  Engineers  and  Planners. 
This  study  comprised  a  survey  of  the  recreation  potential  and 
recreation  facilities  in  the  Clear  Lake  Basin,  and  an  estimate 
of  the  probable  magnitude  of  recreation  in  the  Clear  Lake 
Basin  in  the  year  2010.   Estimates  of  future  numbers  of  recrea- 
tion user-days  were  included  in  the  report,  to  facilitate 
determination  of  benefits  accruing  to  potential  ivater  develop- 
ments.  The  results  of  that  report  were  utilized  in  the  analysis 
of  recreation  benefits  in  the  Clear  Lake  Basin  during  the 
current  investigation.   Additional  work  was  performed  during 
the  current  investigation  to  determine  recreation  potential 
of  reservoirs  proposed  in  this  bulletin. 
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The  Clear  Lake  area  has  been  intensively  developed 
for  water-associated  recreation.  The  lake  has  a  shore  line  of 
71  miles,  of  which  39  miles  are  presently  developed  for  water- 
associated  recreation  facilities,  including  public  and  private 
beaches,  wharfs,  and  lakeside  residences.  As  an  indication  of 
the  high  value  assigned  to  recreation  in  the  area,  there  are 
approximately  11  public,  480  private,  and  270  commercial  water- 
associated  recreation  facilities  in  active  use. 

The  report  by  Wilsey,  Ham,  and  Blair  indicated  that 
approximately  2,300,000  user-days  of  recreation  were  experienced 
during  1958  in  the  Clear  Lake  Basin  .   It  was  further  determined 
that  about  62  percent  of  the  recreationists  come  from  the  San 
Francisco  Bay- Sacramento  metropolitan  areas,  30  percent  from 
the  remainder  of  Northern  California,  5  percent  from  Southern 
California,  2  percent  from  the  lower  central  valley,  and  1  per- 
cent from  out  of  the  State. 

Most  of  the  desirable  shore  line  locations  around 
Clear  Lake  have  been  developed  in  the  cited  facilities.  At 
Clearlake  Highlands,  the  shore  line  is  virtually  saturated  with 
recreational  developments.   Most  of  the  shore  line  areas  having 
access  to  deep  waters  are  developed  to  some  extent.  The 
largest  areas  of  \andeveloped  shore  line  exist  southeast  and 
northeast  of  Lakeport  along  shallow  and  marshy  reaches  of  lake 
shore  where,  during  periods  of  low  water,  the  lake  recedes, 
leaving  large  areas  of  lake  bottom  exposed.  At  the  Clear  Lake 
State  Park,  located  at  the  base  of  Mt .  Konocti  on  Soda  Bay, 
a  new  area  of  public  access  to  Clear  Lake  has  been  developed 
by  dredging  channels  and  lagoons  for  small  boats. 
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A  number  of  recreational  facilities  have  been  devel- 
oped In  the  hills  surrounding  Clear  Lake  and  along  the  tribu- 
tary streams.   However,  the  most  popular  resorts  are  those 
which  can  offer  water-associated  recreation.   As  previously 
indicated,  there  is  little  flow  during  summer  months  in  streams 
tributary  to  Clear  Lake.   Many  Lake  County  interests  have 
indicated  a  desire  to  develop  additional  recreational  reservoirs 
on  these  streams  to  maintain  flow  during  the  summer  months. 

At  present,  little  recreational  use  is  made  of  the 
main  stem  of  Cache  Creek  or  of  its  tributaries.   The  adjacent 
lands  are  used  principally  for  hunting  deer  and  quail.   Even 
this  activity  is  somewhat  limited,  owing  to  limited  access  to 
the  lands. 

In  the  report  by  Wilsey,  Ham,  and  Blair,  it  was 
estimated  that  the  Clear  Lake-Cache  Creek  Basin  in  the  year 
2010  would  still  attract  about  the  same  proportion  of  recrea- 
tionists  to  the  total  population  as  at  present.   It  was  further 
estimated  that  this  level  of  use  would  exceed  the  possible 
future  recreation  capacity  of  the  Clear  Lake  area.   As  a  result, 
estimates  of  future  use  were  reduced  to  the  estimated  capacity 
of  future  facilities.   It  was  predicted  that  the  recreational 
facilities  could  provide  for  5^700,000  visitor-days  in  the 
year  2010,  assuming  no  further  development  of  viatev   resources. 
It  was  pointed  out  that  the  recreational  potential  of  Clear 
Lake  could  be  definitely  increased  by  stabilizing  the  surface 
fluctuation  of  the  lake.   This  would  permit  additional 
development  of  many  of  the  shallov;  shore  line  areas  not  now 
subject  to  use.   It  was  estimated  that  the  new  areas  to  be 
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made  useable  by  stabilization  of  the  lake  could  provide  for 
an  additional  500,000  visitor-days  of  use  each  year  at  Clear 
Lake.   Stabilization  of  Clear  Lake  would  stimulate  development 
of  recreational  facilities  to  more  attractive  standards  than 
at  present,  as  well  as  eliminate  the  present  flood  threat  to 
the  Clear  Lake  shore  line. 

The  development  of  reservoirs  on  either  Cache  Creek 
or  on  the  streams  tributary  to  Clear  Lake  can,  in  most  Instances, 
be  expected  to  attract  large  numbers  of  recreationists.  This 
has  been  found  to  be  true  on  all  reservoirs  in  California 
where  public  access  is  provided.   The  future  recreation  poten- 
tial for  reservoir  land  in  the  Clear  Lake-Cache  Creek  Basin 
is  discussed  in  Chapter  IV  in  connection  with  plans  for  water 
development . 

Requirements  for  Fish  and  Wildlife.   As  part  of  the 
Clear  Lake-Cache  Creek  Basin  Investigation,  a  study  of  the 
probable  effects  of  water  development  on  fish  and  wildlife 
resources  of  the  basin  was  conducted  by  the  California  Depart- 
ment of  Fish  and  Game.  The  present  fish  and  wildlife  resources 
of  the  basin  were  evaluated,  and  features  of  water  development 
proposals  were  considered  with  respect  to  the  preservation  and 
enhancement  thereof. 

Clear  Lake  is  widely  known  as  a  good  fishery  for 
warmwater  species  of  fish.   The  lake  contains  large  numbers  of 
largemouth  bass,  catfish,  perch,  crappie,  bluegill,  and 
sunflsh.   Many  nongame  species  also  inhabit  the  lake.   Some  of 
these  rough  fish,  such  as  squawfish,  suckers,  spllttaii,  and 
hitch,  are  stream  spawners.   These  fish  ascend  the  streams  from 
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the  lake  to  spavm  during  the  spring  freshets.   The  young 
usually  migrate  to  the  lake  by  early  summer.   For  many  years 
the  hitch  was  considered  as  one  of  the  most  important  forage 
species  for  game  fish  In  Clear  Lake.  However,  recent  investi- 
gation by  the  Department  of  Fish  and  Game  indicates  that  the 
hitch  is  of  relatively  minor  importance  to  game  fish  production 
or  to  the  economy  of  the  Clear  Lake  fishery. 

Limited  rainbow  trout  fisheries  are  present  in  the 
upper  sections  of  tributary  streams  having  suitable  water 
conditions.   The  Department  of  Fish  and  Game  plants  approxi- 
mately 12,000  catchable-size  rainbow  trout  annually  in  Kelsey 
Creek  to  supplement  the  natural  fishery.   Kelsey  Creek  is 
unique  because  it  has  an  excellent  self-sustaining  brown  trout 
(Salmo  trutta)  fishery  in  the  middle  reach  of  the  stream  above 
the  confluence  of  Sweetwater  Creek, 

The  Clear  Lake  area  is  inhabited  by  many  species  of 
wildlife  including  black-tail  deer,  black  bear,  ring-necked 
pheasant,  mourning  dove,  valley  quail,  and  rabbits.  Waterfowl 
visit  the  area  during  migration  periods.   Fur-bearing  animals 
include  gray  fox,  bob  cat,  mink,  raccoon,  ring-tail,  spotted 
skunk,  and  muskrat.   Many  of  these  fur-bearers  live  along  or 
in  stream  courses. 

The  main  stream  of  Cache  Creek  and  its  tributaries 
provide  minor  fisheries  for  small  mouth  bass  and  white  catfish. 
Other  warmwater  game  species  are  present  in  limited  numbers, 
but  contribute  very  little  to  the  total  sport  catch.   In 
addition,  other  nongame  species,  principally  of  the  minnow 
family,  squawflsh,  carp,  and  roach,  are  found  throughout  the 

-123- 


drainage  basin.   Rainbow  trout  are  present  In  the  head  waters 
of  North  Fork  of  Cache  Creek  and  Its  tributaries,  where  suit- 
able year-round  water  temperatures  exist.   It  is  indicated  that 
the  heavy  sediment- carrying  characteristics  of  Cache  Creek  are 
the  limiting  factor  on  the  production  of  game  fishes  in  the 
creek.   Cache  Creek  is  fed  by  many  mineralized  streams,  which 
further  degrade  productivity  of  the  fishery. 

Construction  of  water  development  projects  would 
enhance  the  overall  fishery  resources  in  the  Cache  Creek  Basin, 
provided  that  certain  minimum  requirements  were  met.  The  most 
important  limiting  factors  relating  to  reservoirs  would  be  the 
degree  of  water  surface  fluctuation,  the  elevation  of  the 
minimum  pool,  and  the  period  of  time  for  which  minimum  pool 
levels  would  have  to  be  endured.   Stream  flow  releases,  in  the 
late  fall  following  the  irrigation  season,  would  materially 
assist  the  establishment  of  a  successful  small  mouth  bass 
fishery,  and  possible  fisheries  for  white  catfish  and  channel 
catfish.   In  this  connection,  the  Department  of  Fish  and  Game 
has  recommended  to  the  State  Water  Rights  Board,  during  hearings 
regarding  applications  of  Yolo  County  to  store  and  divert 
waters  of  Cache  Creek,  that  minimum  stream  flow  releases  of 
10  cubic  feet  per  second  be  maintained  between  the  selected 
storage  site  and  Capay  Dam.   Furthermore,  it  was  recommended 
this  quantity  of  water  shall  be  maintained,  irrespective  of 
any  existing  diversions  upstream  from  Capay  Dam. 

Factors  of  Water  Demand 

The  term  "factors  of  water  demand",  as  used  in  this 
bulletin,  refers  to  those  factors  pertaining  to  rates,  times, 
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and  places  c V   delivery  of  water,  and  losses  of  water  Imposed 
by  the  control,  development,  and  use  of  water  for  beneficial 
purposes.   Irrigation  practices  in  the  Clear  Lake-Cache  Creek 
Basin,  as  determined  by  irrigation  efficiencies,  monthly  demands, 
and  permissible  deficiencies  in  application  of  water,  must  be 
given  consideration  in  nreliminary  design  of  works  to  meet 
supplemental  water  requirements.   These  factors  of  demand  are 
discussed  in  this  section. 

Irrigation  Efficiency.   As  previously  stated, 
estimates  of  irrigation  efficiency  in  the  Clear  Lake  Basin 
were  taken  from  the  results  of  the  Lake  County  Investigation 
published  in  Bulletin  No.  l4.   The  irrigation  efficiency, 
based  on  studies  made  by  the  Soil  Conservation  Service  and  pub- 
lished in  Appendix  K  to  Bulletin  No.  14,  amounted  to  about  55 
percent.   It  may  be  recalled  that  irrigation  efficiency  is 
defined  as  tne  ratio  of  the  consumptive  use  of  applied  water 
to  the  total  amount  of  applied  water,  expressed  as  a  percentage. 
Estimates  of  irrigation  efficiency  in  the  Cache  Creek  Service 
Area  were  taken  from  data  furnished  by  the  office  of  the  Yolo 
County  Farm  Advisor,  and  amount  to  about  70  percent. 

Monthly  Demands  for  Water.   Irrigation  demands  for 
water  In  the  Clear  Lake-Cache  Creek  Basin  are  seasonal  in 
nature,  being  confined  chiefly  to  the  period  from  April  through 
October.   The  maximum  rate  of  demand  occurs  during  the  months 
of  June  and  July,  amounting  to  more  than  one-half  of  the 
total  seasonal  water  requirement.   On  the  other  hand,  the 
demand  pattern  for  urban  water  is  continuous  throughout  the 
season,  with  increases  throughout  the  summer  months  for  the 
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watering  of  lawns  and  gardens.   Estimated  monthly  irrigation 
and  urban  demands  for  water  In  the  Clear  Lake-Cache  Creek 
Basin,  expressed  as  percentages  of  the  seasonal  totals,  are 
presented  in  Table  28.  The  urban  demands  are  based  upon  data 
furnished  by  the  cities  of  Woodland  and  Davis. 


TABLE  28 

ESTIMATED  AVERAGE  MONTHLY  DISTRIBUTION 
OF  DEMAND  FOR  WATER  IN 
CLEAR  LAKE- CACHE  CREEK  BASIN 

(in  percent  of  seasonal  total) 


Month 


Irrigation 


Urban 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Totals 


0 

0 

0 

2 

10 

21 

33 

15 

14 

1 
0 


100 


4 
4 
4 

5 

12 

12 

16 

14 

11 

9 

5 

4 


100 


Permissible  Deficiencies  in  Application  of  Irrigation 
Water.   Studies  to  determine  deficiencies  in  the  supply  of 
Irrigation  water  that  might  be  endured  without  permanent 
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Injury  to  perennial  crops  were  not  made  in  connection  with  this 
investigation.   However,  it  has  been  determined  from  prior 
investigation  that  a  maximum  deficiency  of  35  percent  of  the 
full  seasonal  requirement  can  be  endured,  if  the  deficiency 
occurs  only  at  relatively  long  intervals. 

In  the  selection  of  water  development  pix)jects  to 
serve  the  Clear  Lake-Cache  Creek  Basin,  it  was  assumed  that  a 
deficiency  of  50  percent  of  the  seasonal  irrigation  requirement 
could  be  endured  in  one  year  of  the  45-year  operational  period. 
It  was  further  assumed  that  requirements  for  urban  water  would 
be  met  at  all  times  without  deficiency. 

Supplemental  Water  Requirements 

The  previously  presented  data  and  discussion  regard- 
ing water  supply  and  requirements  in  the  Clear  Lake-Cache 
Creek  Basin  indicate  that  water  supply  problems  are  limited 
largely  to  those  connected  with  ground  water  In  the  Clear  Lake 
Basin,  and  to  both  ground  water  and  surface  water  in  the  Cache 
Creek  Service  Area.   It  is  further  indicated  that  these  problems 
are  at  the  present  time  and  will  in  the  future  continue  to  be 
related  primarily  to  Irrigated  agriculture.   While  water 
problems  are  not  considered  severe  from  an  overall  standpoint 
at  the  present  time,  the  water  supplies,  as  presently  developed, 
will  limit  growth  of  the  economy  to  essentially  its  present 
level,  unless  additional  firm  water  supplies  are  made  avail- 
able.  The  estimated  present  and  potential  ultimate  supple- 
mental water  requirements  within  the  Clear  Lake-Cache  Creek 
Basin  are  evaluated  and  discussed  in  this  section. 
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Present  Supplemental  Water  Requirement.   The  term 
"present  supplemental  water  requirement",  as  used  herein, 
refers  to  the  amount  of  water  which  must  be  developed  over 
and  above  the  present  yield  of  local  water  supplies  to  satisfy 
the  present  water  requirement.   It  was  concluded  during  the 
Lake  County  Investigation  (published  in  Bulletin  No.  l4)  that 
present  (1955)  water  requirements  in  the  Clear  Lake  Basin  are 
being  fully  met  by  ground  water  supplies,  and  that  there  is 
no  present  supplemental  requirement.   However,  it  was  concluded 
during  the  current  investigation  that  the  Cache  Creek  Service 
Area  is  in  need  of  supplemental  water  at  the  present  time. 

The  rather  thorough  integration  of  surface  and  ground 
water  irrigation  in  the  Cache  Creek  Service  Area,  and  the 
widely  variant  use  from  each  source  during  any  particular 
season,  somewhat  complicates  the  determination  of  the  present 
supplemental  water  requirement,  and  necessitates  the  adoption 
of  certain  assumptions.  With  respect  to  surface  water  supplies, 
it  was  assumed  that  the  computed  average  annual  diversion  and" 
sales  of  water  by  the  Clear  Lake  Water  Company  during  the  45- 
year  period  from  19l4  through  1958,  had  present  land  use 
prevailed  during  that  period,  represents  the  present  firm 
surface  supply.  The  annual  diversions  and  sales  during  the 
45-year  period  would  have  averaged  90,000  acre-feet  and  72,000 
acre-feet,  respectively.  The  annual  diversions  and  sales 
during  the  6-year  study  period  averaged  106,000  acre-feet  and 
85,000  acre-feet,  respectively.  While  the  average  annual 
diversion  during  the  latter  period  is  suitable  for  use  in 
computing  safe  ground  water  yield,  it  does  not  represent  a 
firm  surface  supply. 
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Therefore,  It  is  concluded  that  the  present  water 
.•equlrements  in  the  Cache  Creek  Service  Area  are  being  met 
not  only  by  an  overdrawn  ground  water  supply,  but  by  a 
deficient  surface  water  supply.  The  present  supplemental  water 
requirement  in  the  service  area  was  determined  as  the  difference 
between  the  present  annual  gross  application  of  water  (286,600 
acre- feet)  and  the  sum  of  the  safe  annual  ground  water  yield 
(160,000  acre-feet  on  the  basis  of  gross  application)  and  the 
firm  annual  surface  application  (72,000  acre-feet),  and  amounts 
to  5^,600  acre-feet. 

The  present  supplemental  water  requirement  in  the 
Cache  Creek  Service  Area  can  be  further  broken  down  as  between 
surface  and  ground  water  from  data  presented  heretofore.  With 
respect  to  ground  water,  the  indicated  overdraft  was  determined 
as  the  difference  between  the  present  consumptive  use  of  applied 
ground  water  (l42,000  acre-feet)  and  the  present  safe  ground 
water  yield  of  112,000  acre-feet,  derived  in  Table  15,  and 
amounts  to  30,000  acre-feet  per  year,  on  the  basis  of  net 
draft,  or  consumptive  use  of  applied  water.   On  the  basis  of 
gross  application,  determined  by  dividing  the  latter  value  by 
the  irrigation  efficiency  of  70  percent,  the  indicated  present 
ground  water  overdraft  is  4l,600  acre-feet.   The  present  sur- 
face water  deficiency  was  determined  as  the  difference  between 
the  average  annual  delivery  during  the  6-year  study  period 
(85,000  acre-feet)  and  the  35-year  average  of  72,000  acre-feet, 
and  amounts  to  13,000  acre-feet. 
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For  purposes  of  this  bulletin  the  present  annual 
supplemental  water  requirement  in  the  Cache  Creek  Service  Area 
is  distributed  among  the  nydrologic  units  as  follows: 


Ground  wa 
(acre- fee 

ter 

Surface  water 
(acre-feet) 

-1,100 

0 

0 

1,000 

17,000 

10,000 

25.700 

2,000 

Capay  Valley 
Hungry  Hollow 
Winters 
Moore 

Totals  41,600  13,000 

It  may  be  noted  that  the  Capay  Valley  Unit  shows  a  negative 
value.   This  is  due  to  the  fact  triat  the  present  safe  ground 
Vi^ater  yield  for  tnat  unit  was  determined  as  the  average  net 
dral't  on  ground  water  during  the  6-year  study  period,  which 
amounted  to  4,300  acre- feet,  whereas  the  present  net  draft 
(Taole  2-j)   amounts  to  3,600  acre-feet.  Therefore,  the  1955 
net  draft  could  be  increased  by  700  acre- feet  and  the  gross 
draft  could  be  increased  by  1,100  acre-feet  v;ithout  exceeding 
the  safe  ground  water  yield. 

With  respect  to  the  present  supplemental  water 
requirement  in  the  Cache  Creek  Service  Area,  an  explanation 
should  be  made  concerning  the  relationship  between  the  crop 
pattern  and  corresponding  water  requirements,  adopted  as 
"present"  in  this  bulletin,  and  the  actual  present  conditions, 
as  of  i960.   With  exception  of  the  previously  discussed 
changes  in  planting  of  rice  and  truck  and  field  crops,  1955 
was  selected  as  representing  "present"  conditions  because 
that  was  the  year  of  the  latest  comprehensive  land  use  survey, 
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and  it  Is  necessary  to  determine  water  requirements  on  the 
basis  of  specific  and  detailed  land  use.   If  complete  data 
on  land  use  were  available  for  196O,  the  present  (196O) 
supplemental  water  requirement  would  be  somev>rhat  less  than 
the  estimate  derived  herein. 

However,  the  time  base  upon  which  the  present 
supplemental  water  requirement  was  determined  is  not  of  par- 
ticular significance.   The  important  consideration  Is  the 
determination  of  the  future,  or  in  this  case  potential 
ultimate  (2015) j  supplemental  requirement  in  the  Cache  Creek 
Service  Area,  which  is  evaluated  in  the  ensuing  section  as 
the  difference  between  the  potential  ultimate  water  require- 
ment and  the  safe  yield  of  surface  and  ground  water  supplies, 
as  presently  developed.  The  safe  yield  of  the  present  water 
supply  in  the  Cache  Creek  Service  Area  remains  essentially 
constant  irrespective  of  the  cropping  pattern  and  resultant 
water  requirement  in  any  particular  year. 

Potential  Ultimate  Supplemental  Water  Requirements. 
Potential  ultimate  supplemental  water  requirements  are  derived 
herein  on  two  bases,  namely:   (l)  the  increase  in  consumptive  use 
of  applied  water,  and  (2)  the  increase  in  total  water  application. 

Derivation  on  the  first  basis  measures  the  ultimate 
increase  in  consumption  of  developed  water  supplies  and,  for 
the  Clear  Lake  Basin,  represents  the  net  depletion  of  inflow 
to  Clear  Lake  and  Cache  Creek  from  full  development  within  the 
basin.   Depletion  from  upstream  development  is  of  particular 
significance  with  respect  to  its  effect  on  conservation  yield 
of  storage  projects  on  Cache  Creek.   Derivation  of  ultimate 
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supplemental  water  requirements  on  the  second  basis  measures 
the  increase  in  farm  delivery  requirements  under  the  potential 
ultimate  land  use  pattern.   Evaluation  on  the  basis  of  farm 
delivery  is  of  particular  significance  in  the  Cache  Creek 
Service  Area,  as  it  enables  the  measurement  of  accomplishments 
of  water  development  facilities,  described  in  Chapter  IV, 
which  facilities  would  deliver  water  to  irrigated  lands  through- 
out the  service  area. 

The  potential  ultimate  supplemental  water  requirements 
in  the  Clear  Lake-Cache  Creek  Basin,  as  determined  on  the 
foregoing  two  bases,  are  presented  in  Table  29. 
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1 


CHAPTER  IV,    PLANS  FOR  WATER 
DEVELOPMENT 


It  has  been  shown  heretofore  that  current  water  supply 
problems  in  the  Clear  Lake-Cache  Creek  Basin  consist  of  an  over- 
draft on  ground  water  supplies  and  seasonal  uncertainty  in  the 
availability  of  surface  water  supplies  in  the  Cache  Creek  Service 
Area,   The  ground  water  overdraft,  if  sustained  over  a  period  of 
years,  will  result  in  a  perennial  lowering  of  ground  water  levels 
with  resultant  increase  in  pumping  costs.   The  variation  and 
nonpredictability  of  surface  supplies  results  in  uncertainty  In 
the  planting  of  annual  crops  and  precludes  the  planting  of  many 
perennial  crops,  with  resultant  impairment  of  the  agricultural 
economy.   It  has  also  been  shown  that  there  is  a  serious  flood 
problem  in  areas  adjacent  to  Clear  Lake  and  along  the  main  stem 
of  Cache  Creek, 

It  has  been  estimated  that  elimination  of  the  present 
requirement  for  supplemental  water  in  the  Cache  Creek  Service 
Area,  averaging  about  55,000  acre-feet  per  year  on  a  mean  basis, 
together  with  provision  for  anticipated  future  growth  in  the 
area,  will  ultimately  (2015)  require  the  development  of  supple- 
mental water  in  the  mean  annual  amount  of  about  163*000  acre- 
feet  on  the  basis  of  delivery  requirement.   It  has  been  de- 
termined that  there  is  no  present  supplemental  water  requirement 
in  the  Clear  Lake  Basin  and  that,  in  fact,  the  present  draft  on 
ground  water  could  be  increased  slightly  without  incurring  an 
overdraft  condition.   It  has  further  been  determined  that  the 
potential  ultimate  supplemental  water  requirement  under  full  de- 
velopment of  all  potential  water  service  areas  in  the  Clear  Lake 


-135- 


Basin  would  amount  to  101,000  acre-feet  per  year  on  a  consumptive- 
use  basis,  and  165,000  acre-feet  per  year  on  the  basis  of  delivery 
requirement. 

Sources  of  supplemental  water  are  available  locally  in 
runoff  from  Cache  Creek  and  its  tributaries  that  presently  wastes 
from  the  Clear  Lake-Cache  Creek  Basin,   While  this  waste,  which 
averaged  about  3^0,000  acre-feet  per  year  during  the  mean  period, 
would  be  more  than  adequate  to  fully  meet  the  potential  ultimate 
water  requirements  within  the  basin,  it  would  be  beyond  the  range 
of  economic  feasibility  to  develop  the  water  resources  to  the 
extent  necessary  to  meet  those  requirements.   Therefore,  satis- 
faction of  the  potential  ultimate  supplemental  water  requirements 
will  necessitate  the  importation  of  water  from  sources  outside 
of  the  basin. 

It  is  indicated  that  combined  operation  of  surface 
storage  facilities  on  Cache  Creek  and  underlying  ground  water 
storage  would  constitute  the  most  economical  plan  of  water  supply 
development  for  the  Cache  Creek  Service  Area.   Moreover,  the 
operation  of  storage  facilities  on  Cache  Creek  would  enable  the 
further  utilization  of  water  from  Clear  Lake,  or  further  de- 
velopment in  upstream  reservoirs,  to  serve  lands  in  the  Clear 
Lake  Basin;  would  provide  the  necessary  flood  protection  around 
the  perimeter  of  Clear  Lake  and  along  Cache  Creek;  and  would 
greatly  enhance  recreational  opportunities  throughout  the  Clear 
Lake-Cache  Creek  Basin, 

This  chapter  discusses  and  evaluates  proposed  plans 
and  alternatives  thereto  for  further  development  of  the  water 
resources  from  the  Clear  Lake-Cache  Creek  Basin,  and  for 
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Importation  of  additional  water  supplies  from  the  Sacramento 
River,   In  analyzing  these  plans  from  an  economic  standpoint,  it 
Is  necessary  to  determine  the  amounts  of  water  to  be  made  availa- 
ble by  the  proposed  developments  and  the  economics  of  further 
agricultural  and  urban  development  within  the  basin.   Discussion 
of  various  plans  and  of  the  associated  considerations  are  pre- 
sented in  this  chapter  under  the  general  headings:   "Scope  of 
Planning  Studies",  "Plans  for  Development  in  Clear  Lake  Basin", 
"Wilson  Valley  Project",  and  "Possible  Alternative  Plans  for 
Water  Development",  With  respect  to  the  Wilson  Valley  Project, 
this  chapter  discussed  and  evaluates  the  conservation,  recrea- 
tion, and  flood  control  benefits,  and  presents  an  analysis  of  the 
economic  Justification  and  financial  feasibility. 

Design  of  features  of  the  plans  was  of  a  preliminary 
nature  and  primarily  for  cost-estimating  purposes.   More  de- 
tailed investigation,  which  would  be  required  in  order  to  prepare 
construction  plans  and  specifications,  might  result  in  designs 
different  in  detail  than  those  presented  in  this  bulletin.   How- 
ever, it  is  believed  that  such  changes  would  not  result  in 
significant  modifications  of  estimated  cost.   Structures  were 
designed  in  accordance  with  standard  engineering  principles,  with 
the  objective  of  obtaining  the  most  economical  combination  of  dam 
embankment,  spillway,  and  outlet  works.   The  dams  were  designed 
to  be  constructed  of  available  local  materials,  with  considera- 
tion given  to  foundation  conditions.   Stability  characteristics 
of  the  embankments  were  based  on  laboratory  tests  of  sample 
materials.   Spillways  were  sized  to  pass  the  design  floods,  using 
surcharge  storage  above  the  spillway  crest  to  reduce  peak  discharges. 
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Project  costs  were  based  on  approximate  quantities 
estimated  from  preliminary  designs  and  from  estimated  unit 
prices  based  on  recent  bids  on  similar  projects.   The  costs 
are  considered  representative  of  those  prevailing  in  1959.   Re- 
location and  replacement  costs  were  estimated  on  the  basis  of 
replacement  in  kind  and  of  comparable  utility. 

Estimates  of  capital  cost  included  the  costs  of  rights 
of  way  and  construction,  plus  10  percent  for  engineering  and  15 
percent  for  contingencies.   An  allowance  of  10  percent  in 
addition  to  the  estimated  purchase  price  was  allowed  for  property 
acquisition.   Interest  during  construction  was  computed  at  a  rate 
of  4  percent  per  annum  for  one-half  of  the  construction  period. 
Estimated  average  annual  costs  included  interest  on  the  capital 
cost  at  4  percent  per  annum,  amortization  during  the  50-year 
period  on  a  4  percent  sinking-fund  basis,  general  expense,  and 
annual  costs  of  operation,  maintenance,  and  replacement. 

Scope  of  Planning  Studies 

This  section  reviews  planning  proposals  formulated 
within  the  Clear  Lake-Cache  Creek  Basin  during  previous  studies; 
outlines  the  scope  and  broad  accomplishments  of  plans  for  water 
development  resulting  from  the  current  investigation;  presents 
an  evaluation  of  the  amounts  of  water  that  should  be  reserved 
for,  or  made  available  to,  the  Clear  Lake  Basin  and  the  Cache 
Creek  Service  Area;  and  analyzes  the  unit  benefits  accruing  to 
the  delivery  of  water  supplies  and  the  payment  capacity  for  the 
projected  major  irrigated  crops  within  the  basin. 
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Previous  Flannlnp;  Proposals 

As  briefly  discussed  in  Chapter  1,    the  water  resources 
of  the  Clear  Lake-Cache  Creek  Basin  have  been  investigated  in 
the  past,  and  a  number  of  water  development  projects  have  been 
proposed.   However,  these  investigations  generally  concerned 
rather  limited  areas  and  the  projects  were  of  limited  scope  and 
purpose.   The  more  significant  planning  proposals  from  these 
investigations  are  discussed  in  this  section,  with  emphasis  on 
those  of  particular  relevance  to  the  current  investigation. 
Lake  County  Investigation.   Water  development 
projects  in  the  Clear  Lake  Basin  were  studied  and  reported  upon 
in  Department  of  Water  Resources  Bulletin  No,  l4,  published  in 
1957.   In  that  bulletin  it  was  pointed  out  that  the  present 
(1955)  safe  ground  water  yield  of  37,000  acre-feet  per  year  could 
be  increased  by  some  13,000  acre-feet  by  increasing  the  pumping 
draft  thereon,  thereby  causing  a  greater  lowering  of  ground  water 
levels  during  the  irrigation  season  and  creating  greater  storage 
space  to  be  recharged  by  subsequent  winter  runoff.  Bulletin 
No,  1^  also  proposed  three  storage  reservoirs,  one  on  Kelsey 
Creek,  one  on  Scott  Creek,  and  one  on  Middle  Creek, 

As  proposed  in  Bulletin  No,  l4,  future  increased  water 
requirements  in  Big  Valley  could  be  met  by  increasing  the  draft 
on  the  ground  water  basin,  which  would  develop  an  additional  9,000 
acre-feet  per  year,  and  by  construction  and  operation  of 
Kelseyville  Dam  and  Reservoir  on  Kelsey  Creek,  which  would  provide 
the  9,500  acre-feet  per  year  necessary  to  meet  the  potential  ulti- 
mate supplemental  water  requirement  in  that  valley. 
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The  potential  ultimate  supplemental  water  requirement 
in  Scott  Valley  and  local  adjacent  areas,  amounting  to  1,400 
acre-feet  per  year,  could  be  met  by  construction  and  operation  of 
Lakeport  Reservoir  on  Scott  Creek.   The  reservoir,  as  proposed  in 
Bulletin  No.  l4,  would  have  a  safe  new  yield  of  7j600  acre-feet 
per  year,  of  which  1,800  acre-feet  were  allocated  to  Scott  Valley 
and  the  remainder  of  5,800  acre-feet  was  allocated  to  Bachelor 
Valley,  and  to  the  Tule  Lake,  Helms,  and  Edmands  Reclamation 
Districts, 

Future  water  requirements  in  the  Upper  Lake  area  would 
be  met  by  an  increase  in  present  ground  water  draft,  thus  creating 
additional  storage  space  for  recharge  from  winter  flood  flows,  and 
by  construction  and  operation  of  Pitney  Ridge  Dam  and  Reservoir  on 
Middle  Creek.   The  safe  ground  water  yield  could  be  increased  by 
4,000  acre-feet  annually  over  the  present  draft,  and  Pitney  Ridge 
Reservoir  would  develop  an  additional  firm  yield  of  4,000  acre- 
feet  per  year,  which  would  be  available  for  surface  application 
to  irrigated  lands. 

Clear  Lake-Cache  Creek  Flood  Control  Investigation. 
Following  the  severe  floods  of  1938  the  (then)  Division  of  Water 
Resources,  under  terms  of  an  agreement  with  the  Counties  of  lake 
and  Yolo,  made  a  survey  of  the  Clear  Lake-Cache  Creek  Basin  and 
formulated  a  coordinated  plan  for  flood  control.   The  objective 
of  this  survey  was  to  formulate  a  preliminary  flood  control  plan 
which,  if  executed  and  put  into  operation,  would  afford  adequate 
flood  protection  to  the  developments  around  the  rim  of  Clear  Lake 
and  to  lands  and  developments  along  the  lower  reaches  of  Cache 
Creek.   Moreover,  this  plan  would  permit  the  coordinated  operation 
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of  Clear  lake  and  of  proposed  works  for  downstream  Irrigation 
purposes.   The  results  of  this  survey  are  published  in  a  document, 
entitled  "Report  on  Clear  Jjake-Cache  Creek  Flood  Control  Inves- 
tigation", February,  1939. 

Briefly,  the  cited  report  proposed  enlargement  of  the 
Clear  Lake  outlet  channel  to  increase  its  capacity  to  8,^00 
second-feet,  with  the  lake  surface  at  an  elevation  of  7.6o  feet 
on  the  Humsey  Gage  and  with  the  gates  open  in  the  Clear  Lake 
Impounding  Dam.   The  proposed  channel  enlargement  consisted 
primarily  of  lowering  the  elevation  of  the  channel  bottom, 
particularly  through  the  reach  comprising  the  Grigsby  Riffle. 
Operation  of  Clear  lake  in  conjunction  with  the  enlarged  outlet 
channel  would  greatly  reduce  problems  of  flood  damage  around  the 
lake. 

The  report  also  proposed  operation  of  the  Indian  Valley 
and  Capay  Reservoirs  in  conjunction  with  an  improved  channel  in 
the  lower  reaches  of  Cache  Creek,  which  historically  have  been 
subject  to  flooding,  to  provide  flood  protection  co  the  Cache 
Creek  Basin.   Indian  Valley  Reservoir,  located  on  the  North  Fork 
of  Cache  Creek,  has  long  been  considered  for  storage  for  conserva- 
tion purposes,   Capay  Reservoir,  located  on  Capay  Creek  ^  miles 
upstream  from  the  town  of  Capay,  would  have  been  developea  for 
both  flood  control  and  water  conservation. 

Cache  Creek  Investigation,   Under  terms  of  the 
previously  cited  cooperative  agreement  with  Yolo  County  in  19^^;. 
the  Division  of  Water  Resources  undertook  a  comprehensive  inves- 
tigation of  the  water  resources  of  the  Cache  Creek  watershed,  with 
the  ODjective  of  formulating  plans  for  solution  of  surface  and 
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undergrouna  water  problems  and  for  provision  of  flood  control. 
The  results  of  this  investigation  were  published  in  a  document, 
entitled  "Interim  Report  Cache  Creek  Investigation",  March,  1955. 
The  report  proposed  the  construction  of  a  Cache  Creek  project, 
consisting  of  a  dam  and  reservoir  at  Guinda  in  Capay  Valley,  with 
300,000  acre-feet  of  storage  capacity,  and  enlargement  of  the 
Clear  Lake  outlet  channel  to  a  capacity  of  8,500  second-feet.   In 
the  report  it  was  stated  that  the  project  would  improve  the  opera- 
tion of  Clear  Lake  for  water  conservation  and  flood  control;  would 
firm  up  annual  deliveries  of  water  to  the  Cache  Creek  Service  Area 
to  188,000  acre-feet;  would  Increase  ground  water  recharge;  and 
would  provide  a  substantial  measure  of  flood  control  in  the  lower 
Cache  Creek  area.   The  estimated  total  capital  cost  of  the  Cache 
Creek  Project  was  estimated  to  be  about  $l4,7  million,  based  on 
195^  price  levels. 

By  enactment  of  Chapter  1950,  Statutes  of  1955>  the 
Legislature  adopted  and  authorized  this  general  plan  for  de- 
velopment of  Cache  Creek,  but  made  the  express  provision  that  no 
funds  were  to  be  expended  on  planning  or  construction  at  the 
Guinda  site  until  the  Wilson  Valley  site  had  been  completely 
investigated.   Pursuant  to  this  legislation  the  Cache  Creek  Inves- 
tigation was  continued,  but  was  limited  to  an  engineering  and 
economic  comparison  of  the  accomplishments  of  a  project  at  the 
Wilson  Valley  site  at  a  storage  capacity  equal  to  that  of  the 
authorized  Guinda  Project,   However,  additional  studies  were  made 
to  determine  the  size  of  the  reservoir  at  the  Wilson  Valley  site 
which  would  yield  the  maximum  net  benefits.   The  results  of  this 
investigation  are  published  in  Department  of  Water  Resources 
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Bulletin  No,  20,  "Interim  Report,  Cache  Creek  Investigation, 
Comparison  of  Alternative  Wilson  Valley  and  Guinda  Projects  on 
Cache  Creek",  April,  1958.   Tine  report  recommended  that  no  further 
consideration  be  given  to  the  Guinda  Project;  that  the  Wilson 
Valley  Project  be  authorized  as  the  next  water  conservation  project 
on  Cache  Creek;  and  that  an  investigation  be  conducted  to  determine 
the  financial  feasibility  of  the  Wilson  Valley  Project  that  would 
return  the  maximum  net  benefits. 

The  California  Water  Plan.   The  California  Water 
Plan,  published  as  Department  of  Water  Resources  Bulletin  No,  3 
in  1957,  would  have  a  profound  effect  on  the  Clear  Lake-Cache 
Creek  Basin,  with  respect  to  both  local  and  statewide  developments. 
Local  developments  contemplated  in  Bulletin  No.  3  Include  dams  and 
reservoirs  at  the  Pitney  Ridge  site  on  Middle  Creek,  at  the 
Lakeport  site  on  Scott  Creek,  and  the  Kelseyville  and  Boggs  sites 
on  Kelseyville  Creek,  at  the  Excelsior  site  on  Copsey  Creek,  at 
the  Indian  Valley  site  on  North  Fork  Cache  Creek,  and  at  the  Bear 
Valley  site  on  Bear  Creek,   The  first  five  mentioned  dams  and 
reservoirs  would  serve  the  Clear  Lake  area;  Indian  Valley  Reservoir 
would  serve  Capay  Valley  and  the  lower  Cache  Creek  area;  and  the 
Bear  Valley  Reservoir  would  be  for  recreation  purposes. 

With  respect  to  statewide  water  development  facilities. 
Bulletin  No,  3  contemplates  the  development  and  diversion  of 
waters  of  the  Eel  River  by  means  of  a  tunnel  and  conduit  into 
Clear  Lake,  a  short  diversion  tunnel  from  Cache  Creek  to  Putah 
Creek,  and  a  series  of  reservoirs  and  powerplants  along  Putah 
Creek.   Export  of  Eel  River  water  to  the  Sacramento  Valley  by  way 
of  Clear  Lake  would  be  contingent  upon  enlargement  of  the  present 
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outlet  of  the  lake  to  minimize  fluctuation  of  the  water  surface. 
With  such  enlargement,  the  lake  level  could  be  stabilized  and 
local  flood  problems  around  the  lake  would  be  greatly  reduced. 
Moreover,  the  Eel  River  diversion  would  substantially  improve 
the  mineral  quality  of  the  water  in  the  lake. 

Conveyance  of  Eel  River  water  from  Clear  lake  to  the 
floor  of  the  Sacramento  Valley  by  way  of  Cache  Creek  was  con- 
sidered in  Bulletin  No,  3  as  a  possible  alternative  to  the  Putah 
Creek  Plan,   The  alternative  development  would  consist  of  a  series 
of  dams  and  powerplants  down  the  course  of  Cache  Creek,  very 
similar  to  the  Putah  Creek  system,  and  would  include  the  Wilson 
Valley  Reservoir,  Blue  Ridge  Reservoir,  and  Guinda  Reservoir  on 
Cache  Creek. 

It  should  be  pointed  out  that  The  California  Water  Plan 
is  not  a  construction  proposal,  and  that  the  facilities  described 
in  Bulletin  No.  3  represent  only  one  means  believed  practicable 
of  developing  and  transferring  California's  water  resources  to 
meet  potential  ultimate  requirements  throughout  the  State, 

Studies  by  the  U.  S.  Corps  of  Engineers,   The  Corps  of 
Engineers  investigated  the  Clear  Lake-Cache  Creek  Basin  during 
the  latter  1940 's  to  determine  possible  methods  of  solving  water 
problems,  particularly  the  flood  problems,  of  the  basin.   In  a 
document  entitled  "Review  Report  on  Cache  Creek  Basin  California", 
July,  1950,  the  Corps  of  Engineers  proposed  a  250,000  acre-foot 
reservoir  at  the  Indian  Valley  site  on  the  North  Fork  of  Cache 
Creek,  a  4o,000  acre-foot  reservoir  at  the  Kelseyville  site  on 
Kelsey  Creek,  channel  improvements  on  Middle  and  lower  Scott 
Creeks,  a  new  channel  for  diverting  flood  flows  of  Clover  Creek, 
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and  enlargement  of  the  Clear  L^ke  outlet  channel.   Other  sites 
such  as  the  Blue  Ridge  and  Wilson  Valley  sites  on  Cache  Creek, 
and  several  small  reservoirs  on  tributaries  to  Clear  Lake,  were 
also  studied. 

As  proposed  by  the  Corps  of  Engineers,  the  Clear  Lake 
outlet  channel  would  be  enlarged  to  a  capacity  of  8,000  second- 
feet,  thereby  enabling  an  improved  operation  of  Clear  Lake  for 
flood  control  purposes.   All  of  the  proposed  reservoirs  would  be 
operated  to  provide  flood  control  and  conservation  of  water 
primarily  for  irrigation.   In  addition,  all  of  the  proposed  fa- 
cilities, but  primarily  the  enlarged  Clear  Lake  outlet  and  Indian 
Valley  Reservoir,  would  enhance  recreation. 

Studies  by  U,  S.  Bureau  of  Reclamation.   The  Bureau  of 
Reclamation  has  studied  plans  for  development  of  the  water  re- 
sources of  the  Clear  Lake-Cache  Creek  Basin  as  a  part  of  "The 
Comprehensive  Plan  for  Central  Valley  Basin  California",  dated 
May, 19^7.   The  bureau  contemplated  that  the  runoff  from  Cache 
Creek,  other  than  that  from  Clear  Lake,  would  be  regulated  in 
Indian  Valley  Reservoir  on  the  North  Fork  of  Cache  Creek  and 
Wilson  Valley  Reservoir  on  the  main  stream,  utilizing  capacities 
of  250,000  and  210,000  acre-feet,  respectively.   These  reservoirs 
would  be  operated  for  flood  control,  but  their  primary  use  would 
be  to  develop  water  for  irrigation.   The  water  would  be  used 
principally  in  Yolo  County  on  lands  west  of  Woodland,   Development 
of  Kelsey  Creek  was  also  proposed,  as  was  the  Yolo-Zamora  Canal 
which  is  presently  undergoing  a  feasibility  study. 

Scope  of  Current  Planning  Studies 

The  principal  area  of  study  during  the  current  investi- 
gation centered  around  further  investigation  of  the  Wilson  Valley 
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Project,  which  would  develop  sufficient  water  supplies  on  a  firm 
basis  to  meet  the  needs  for  supplemental  water  in  the  Clear  Lake- 
Cache  Creek  Basin  for  a  number  of  years  in  the  future.   The  Wilson 
Valley  Project  was  analyzed  with  respect  to  its  cost  and  accomplish- 
ments, economic  justification,  and  financial  feasibility  as  a 
project  to  be  undertaken  by  local  agencies.   As  discussed  and 
described  in  detail  in  a  later  section  of  this  chapter,  the 
Wilson  Valley  Project  consists  of  Wilson  Valley  and  Brooks  Reser- 
voirs on  Cache  Creek,  existing  and  improved  diversion  and  distri- 
bution facilities  of  the  Clear  Lake  Water  Company,  enlargement  of 
the  capacity  of  the  Clear  Lake  outlet  channel,  and  the  coordinated 
operation  of  Clear  Lake  and  Wilson  Valley  and  Brooks  Reservoirs  to 
enhance  the  economy  of  the  basin  by  provision  of  water  conserva- 
tion, flood  control,  and  recreation  benefits. 

Consideration  was  also  given  to  an  alternative  plan  for 
providing  supplemental  water  to  the  Cache  Creek  Service  Area,   This 
alternative,  designated  the  "Alternative  Cache  Creek-Sacramento 
River  Diversion  Project",  would  consist  of  the  Indian  Valley  Reser- 
voir on  the  North  Fork  of  Cache  Creek,  Brooks  Reservoir  on  Cache 
Creek,  the  existing  system  of  the  Clear  Lake  Water  Company,  with 
improvements,  and  a  system  for  importing  water  from  the  Sacramento 
River,   This  project  was  studied  for  purposes  of  comparison  with 
the  Wilson  Valley  Project,  to  ensure  that  the  recommended  plan 
would  be  the  most  economical  plan  for  basin  development. 

As  an  alternative  to  a  comprehensive  plan  for  water  de- 
velopment, studies  were  made  of  a  single-purpose  plan  for  pro- 
viding flood  control  to  the  lands  around  Clear  Lake,   This  plan 
would  involve  enlargement  of  the  discharge  capacity  of  the  Clear 
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Lake  outlet  channel.  In  order  to  provide  closer  control  of  the 
water  levels  In  Clear  Lake  by  releasing  additional  water  during 
times  when  the  lake  stage  would  exceed  7.5  feet  on  the  Rumsey  Gage. 
This  project  could  also  provide  flood  control  benefits  along  Cache 
Creek  by  the  additional  control  of  releases  from  Clear  Lake  during 
times  when  tributaries  to  Cache  Creek  would  be  at  peak  flood 
stage. 

With  respect  to  water  service  in  the  Clear  Lake  Basin, 
the  Kelseyville,  Lakeport,  and  Pitney  Ridge  Projects,  proposed  in 
Bulletin  No.  l4,  were  reanalyzed  in  terms  of  conservation 
accomplishments.   In  addition,  a  plan  for  pumping  supplemental 
water  from  Clear  Lake  was  studied  on  a  reconnaissance  basis.   This 
plan  consisted  of  diversion,  conveyance,  and  distribution  systems 
which  would  serve  Clear  Lake  water  to  lands  in  Big  and  Scott 
Valleys. 

Project  Water  Requirements 

Formulation  of  the  plans  for  development  described  in 
this  chapter  had  to  be  based  upon  definite  data  with  respect  to 
the  water  requirements  which  must  be  met.   As  evaluated  and 
discussed  in  Chapter  III,  there  is  presently  a  need  for  supple- 
mental water  in  the  Cache  Creek  Service  Area,  and  a  substantial 
future  need  for  supplemental  water  in  both  the  Clear  Lake  Basin 
and  the  Cache  Creek  Service  Area.   This  section  discusses  the 
relationship  between  the  potential  ultimate  water  requirements 
within  the  Clear  Lake-Cache  Creek  Basin  and  those  requirements 
which  could  reasonably  be  met  by  an  initial  plan  for  water 
development. 
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As  shown  in  Chapter  III  (Table  29),  the  potential  ulti- 
mate requirements  for  developed  water  In  the  Clear  Lake  Basin 
will  be  about  165,000  acre-feet  per  year  on  a  gross  application 
or  delivery  basis.   About  38,000  acre-feet  per  year  will  be 
required  in  Big  Valley,  Scott  Valley,  and  the  Upper  Lake  area, 
as  defined  in  Bulletin  No,  l4.   The  remainder,  amounting  to  about 
127,000  acre-feet  per  year,  represents  the  requirements  of  service 
areas  throughout  the  remainder  of  the  basin.   The  majority  of  these 
service  areas  are  scattered,  lie  at  a  considerable  distance  from 
Clear  Lake,  and  are  at  higher  elevations,  all  of  which  factors 
render  plans  for  their  water  development  rather  impractical  at 
this  time.   However,  there  are  several  communities  adjacent  to 
Clear  Lake  which  must  be  considered  in  any  plan  to  develop 
additional  water  within  the  Clear  lake  Basin.   These  include  the 
City  of  Lakeport  and  the  communities  of  Nice,  Clearlake  Oaks, 
Clearlake  Highlands,  and  other  adjacent  urban  areas  around  the 
lake. 

In  studies  to  determine  the  yield  of  the  Wilson  Valley 
Project,  which  involved  the  coordinated  operation  of  Clear  Lake, 
Wilson  Valley  Reservoir,  and  Brooks  Reservoir,  it  was  necessary  to 
allocate  water  supplies  to  upstream  and  downstream  service  areas. 
In  consideration  of  the  development  potential  in  the  Clear  Lake 
Basin,  It  was  assumed  an  annual  amount  of  36,000  acre-feet  of  water 
would  be  available  for  development,  on  the  basis  of  gross  applica- 
tion (net  farm  delivery)  for  Big  Valley,  Scott  Valley,  and  the 
Upper  Lake  area,  and  10,000  acre-feet  for  the  remaining  areas  of 
imminent  future  needs „   Considering  the  availability  of  an 
additional  9,000  acre-feet  per  year  in  Big  Valley  by  replacing 
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present  uneconomical  use  of  ground  water  In  swamp  areas  by  Irri- 
gation development,  this  total  of  45,000  acre-feet  per  year  could 
be  developed  with  a  net  depletion  of  Inflow  to  Clear  Lake  of 
21,000  acre-feet  per  year,  as  shown  in  the  following  tabulation: 


Gross  application 

(net  farm  delivery), 

in  acre-feet 


Consumptive  use  of 

applied  water  (net 

depletion  of  inflow 

to  Clear  Lake), 

in  acre-feet 


Salvage  of  ground 
water  by  change 
in  land  use 
(Bulletin  No.  l4) 

Increased  ground 
water  yield 
(Bulletin  No.  14) 

Surface  storage  and/or 
diversion  from 
Clear  Lake 


9,000 


14,000 


8,000 


22,000  13.000 

Totals  45,000  21,000 

The  foregoing  tabulation  should  be  explained  further. 
The  first  item  of  9>000  acre-feet  represents  nonbeneficial  con- 
sumptive use  of  ground  water  by  native  vegetation  in  high  water 
table  areas.  By  either  bringing  this  land  under  irrigation  or  by 
lowering  the  water  table  by  additional  pumping,  this  ground  water 
could  be  salvaged  and  put  to  beneficial  use  without  depletion  of 
the  water  supply  available  to  Clear  Lake,   Increased  ground  water 
yield  and  surface  water  storage  or  diversion  (the  second  and  third 
items)  could  develop  36,000  acre-feet  on  a  net  delivery  basis  with 
a  net  depletion  of  inflow  to  Clear  Lake  of  only  21,000  acre-feet. 
In  this  regard,  it  should  be  pointed  out  that  the  additional 
ground  water  yield  could  be  obtained  under  present  water  rights 
within  the  basin. 

With  regard  to  the  Cache  Creek  Service  Area,  most  of 
the  irrigable  lands  are  within  or  adjacent  to  the  distribution 


-149- 


facilities  of  the  Clear  Lake  Water  Company,   Because  all  lands 
in  the  service  area  are  susceptible  of  service  with  a  nominal 
extension  and  improvement  of  the  existing  distribution  system,  it 
was  considered  that  plans  for  water  development  would  be  based  on 
meeting  the  full  ultimate  (2015)  supplemental  water  requirement 
in  the  service  area.   The  Wilson  Valley  Project  and  alternatives 
were  formulated  on  this  basis. 

As  discussed  in  Chapter  III,  the  potential  ultimate 
annual  supplemental  water  requirement  within  the  Cache  Creek 
Service  Area  represents  the  difference  between  the  safe  yield  of 
presently  developed  water  supplies  (232,000  acre-feet)  and  the 
potential  ultimate  (2015)  water  requirements  (395,000  acre-feet), 
or  163,000  acre-feet,  on  the  basis  of  gross  application  or  farm 
head  gate  delivery.   This  supplemental  water  will  be  made  availa- 
ble by  increased  delivery  of  firm  surface  supplies  and  by 
additional  ground  water  recharge  incidental  thereto.  Evaluation 
of  the  incremental  surface  and  ground  water  supplies  to  be  de- 
veloped by  proposed  projects  will  be  presented  later  in  this 
chapter. 

Economics  of  Water  Development 

Favorable  climate,  productive  soils,  the  proximity  of 
two  large  and  growing  metropolitan  areas,  and  a  large  localized 
food  processing  industry  all  contribute  to  a  prosperous  agri- 
cultural economy  and  a  favorable  market  situation  for  the  Clear 
Lake-Cache  Creek  Basin,   The  Sacramento  Metropolitan  Area  is 
within  a  half-hour  drive  of  the  Cache  Creek  Service  Area,  while 
the  expansive  San  Francisco  Bay  Region  is  less  than  100  miles 
away.   Development  of  the  Sacramento-Yolo  Port  District  facilitieJ 
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and  anticipated  early   completion  of   the   Sacramento-Yolo  Deep 
Water  Channel   should   further  enhance   the  opportunity   for  market- 
ing bulk  shipments  of  agricultural   products  grown  in  the   basin. 

The  natural  availability  of  ground  water  supplies  has 
enabled  the  agricultural  economy  of  the  Clear  Lake-Cache  Creek 
Basin  to  develop  to  a  considerable  extent.   With  respect  to  the 
Cache  Creek  Service  Area,  the  operation  of  surface  water  storage 
facilities  and  an  extensive  water  distribution  system  has  per- 
mitted the  development  of  that  area  to  a  point  where  additional 
water  can  readily  be  absorbed  with  a  minimum  modification  of 
existing  facilities. 

This  section  discusses  the  economic  aspects  of  the 
provision  of  supplemental  water  supplies,  without  respect  to  a 
specific  project.   It  presents  data  on  the  past  and  projected 
future  yields,  unit  prices,  and  gross  income  for  the  principal 
crops  grown  in  the  basin;  the  estimated  annual  returns  to  land 
and  water  per  acre  under  present  water  supply  conditions;  and 
payment  capacities  for  the  principal  irrigated  crops.   The  term 
"returns  to  land  and  water"  refers  to  annual  gross  farm  Income 
minus  all  on-farm  production  costs,  exclusive  of  interest  cost 
on  the  capital  value  of  land,  and  the  cost  of  water.   As  a  final 
step,  the  returns  per  acre  are  multiplied  by  the  projected  crop 
pattern  to  derive  the  total  returns  without  additional  water 
supply  development.   These  data  provide  a  base  with  which  specific 
project  proposals  are  compared  in  the  evaluation  of  project 
benefits. 

Crop  Yields  and  Prices.   Crop  yields  and  prices  adopted 
for  evaluation  of  agricultural  economics  were  based  primarily  on 
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averages  for  Yolo  County  as  shown  In  the  agricultural  com- 
missioner's reports.   Additional  sources,  such  as  reports  of 
the  California  Crop  and  Livestock  Reporting  Service,  were  utilized 
in  making  the  projections  of  prices  and  yields. 

The  projected  yields  and  prices  were  based  on  the 
historical  average  during  the  5-year  period  from  1952  through 
1956.   The  use  of  this  base  period  has  been  adopted  as  a  standard 
department  procedure  in  agricultural  studies  as  representative 
of  the  price-cost  relationship  that  is  expected  to  prevail  during 
the  project  repayment  period.   In  unusual  cases,  where  the 
historical  average  was  substantially  affected  by  abnormal  years, 
adjustments  were  made  accordingly.   The  projected  prices  repre- 
sent the  gross  income  received  by  the  producer  at  the  first  point 
of  delivery,   A  compilation  of  historical  and  projected  yields, 
prices,  and  gross  income  for  selected  crops  within  the  Clear 
Lake-Cache  Creek  Basin  is  presented  in  Table  30, 

Irrigation  Benefits,   The  term  "irrigation  benefits" 
refers  only  to  direct  benefits,  and  is  defined  as  the  net  increase 
in  returns  to  land  and  water  attributable  to  additional  irrigation 
supplies.   The  computation  of  returns  to  land  and  water  involved 
determination  of  gross  income  under  fully  irrigated  conditions, 
as  presented  in  Table  30,  minus  the  sum  of  all  production  costs 
except  interest  on  land  and  the  cost  of  water.   Returns  to  land 
and  water  under  nonproject  conditions  were  subtracted  from  the 
returns  under  project  conditions,  and  the  resultant  figures 
comprised  the  irrigation  benefits.   The  estimated  annual  irri- 
gation benefits,  over  and  above  nonirriga ted  (dry-land)  conditions, 
for  selected  irrigated  crops  in  the  Clear  Lake-Cache  Creek  Basin 
are  shown  in  Table  31. 
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Payment  Capacity,   The  term  "payment  capacity"  refers 
to  the  maximum  amount  of  money  the  farmer  can  pay  for  water  for 
the  particular  crop  being  considered.   Payment  capacity  was 
derived  as  the  difference  between  gross  crop  income  and  the  total 
cost  of  production,  excluding  water.   Inasmuch  as  the  cost  of 
production  included  management  costs  and  interest  on  Investment 
(land  and  equipment),  the  payment  capacity  represented  a  residual, 
or  the  amount  of  money  which  could  be  spent  on  the  remaining  factor 
of  production  --  water.   Estimated  annual  payment  capacity  for 
selected  irrigated  crops  in  the  Clear  Lake-Cache  Creek  Basin  is 
presented  in  Table  32, 
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Economics  of   Present  Water  Use   In  Cache   Creek  Service 
Area,      As  previously   stated,    the   safe  annual  yield  of  presently 
developed  water  supplies   In  the   Cache   Creek  Service  Area   amounts 
to   232,000  acre-feet,    consisting  of  72,000  acre-feet   from  surface 
supplies  and   160,000  acre-feet   from  ground  water.     Both  urban  and 
agricultural   water  Is   presently  and  will   continue   In  the   future 
to  be  drawn   from  the   common  ground  water  basin.      Therefore,    future 
agricultural  water  requirements  must  be  analyzed  In  the   light  of 
an  increasing  urban  water  demand,    as   the  pattern  of  urban  use 
will  affect   the  agricultural   supply.      It  was  assumed   that   the 
present  water   supplies    (232,000  acre-feet  per  year)   will  be   fully 
utilized,    and  that  additional  urban  expansion  will   occur  by 
encroachment  upon  agricultural  areas.      Under  this  assumption,    the 
total  area   of  water  service  would   remain  essentially   constant, 
with  the   increase   in  urban  area   being  offset  by  a   corresponding 
decrease   in  the  acreage   of   irrigated   lands. 

Projected  future   land  use  and  water  requirements   in  the 
Cache   Creek  Service  Area  under  present  water  supply  development 
are   shown  by  decades   in  Table   33.      The  average   agricultural 
returns    (to   land  and  water)    in  the   Cache   Creek  Service   Area,    under 
present  water  supply   development,    are   set  forth,    by  decades,    In 
Table   3^.      The   values   shown  in  Table   3^  represent   the  products 
of   the   crop  acreages   from  Table   33  and  the   returns   to   land  and 
water  from  Table  31. 
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The  urban  benefits  in  the  Cache  Creek  Service  Area 
under  present  water  supply  development  are  set  forth,  by  decades. 
In  Table  35.   It  will  be  noted  in  Table  35  that  a  value  of  $34 
was  adopted  as  the  benefit  per  acre-foot.   This  value  was  de- 
termined on  the  assumption  that  benefits  accruing  to  an  urban 
water  supply  would  be  at  least  as  great  as  the  benefits  accruing 
to  the  alternative  use  for  the  highest  value  agricultural  crops. 
The  average  annual  return  for  orchard  crops  was  evaluated  at  $93 
per  acre.   This  figure  was  divided  by  the  unit  water  requirement 
per  acre  (2.7  feet)  for  urban  lands  to  obtain  the  adopted  value 
of  $34, 

The  projected  future  urban  water  use  under  present 
water  supply  development  was  based  on  the  urban  acreages  shown 
in  Table  33.   It  is  assumed  that  water  to  meet  the  urban  use 
shown  in  Table  35  would  be  pumped  from  underlying  ground  water 
storage,  and  that  the  increase  would  be  met  by  encroachment  upon 
supplies  currently  used  upon  agricultural  lands.   It  was  assumed 
that  the  balance  of  the  total  future  urban  water  requirements 
would  be  furnished  by  proj  ect  water. 
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TABLE  35 

AVERAGE  ANNUAL  URBAN  WATER  BENEFITS 
IN  CACHE  CREEK  SERVICE  AREA 
UNDER  PRESENT  WATER  SUPPLY  DEVELOPMENT 


Decade 


Urban  water 
available  under 
present  water 
supply  development 
(in  acre-feet) 


Return,  per 

acre-foot 
(in  dollars) 


; Average  annual 
benefits  per 
decade  under 
ipresent  water 
supply  de- 
velopment 
(in  dollars) 


1965-74 
1975-84 
1985-94 
1995-04 
2005-14 
Total 


9,200 
13,700 
20,400 
29,200 
39,500 


34 

313,000 

34 

466,000 

34 

694,000 

34 

993,000 

34 

1,343,000 

3,809,000 

Plans  for  Development  in  Clear  Lake  Basin 

As  stated  earlier  in  this  chapter,  possible  plans  for 
development  of  the  water  resources  of  the  Clear  Lake  Basin  have 
been  published  in  Bulletin  No.  l4.   In  brief  review.  Bulletin 
No,  14  proposed  the  Big  Valley  Project,  consisting  of  Kelseyville 
Dam  and  Reservoir  on  Kelsey  Creek,  which  would  serve  lands  in  Big 
Valley;  the  Lakeport  Project,  consisting  of  a  dam  and  reservoir 
on  Scott  Creek,  which  would  serve  Scott  Valley,  Bachelor  Valley, 
and  the  Helms,  Tule,  and  Edmands  Reclamation  Districts;  and  the 
Pitney  Ridge  Project,  consisting  of  a  dam  and  reservoir  on  Middle 
Creek,  which  would  serve  lands  in  the  Upper  Lake  area.   These 
three  reservoirs,  with  an  aggregate  storage  capacity  of  54,000 

acre-feet,  would  develop  a  firm  annual  yield  of  35,500 
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acre-feet,  including  13,000  acre-feet  of  additional  ground  water 
yield.   In  addition.  The  California  Water  Plan  proposed  a  fourth 
project  consisting  of  Excelsior  Dam  and  Reservoir  on  Copsey  Creek, 
The  storage  capacity,  firm  annual  yield,  capital  costs,  and  esti- 
mated annual  costs  per  acre-foot  of  new  yield,  as  published  in 
Bulletins  No.  3  and  No.  l4,  are  presented  in  the  following 
tabulation: 


Storage 
capacity, 

in 
acre-feet 

36,000 

Yield,  in 
acre-feet 

17,000^ 

Capital 
cost 

Annual  cost 

per 

acre-foot 

Kelseyville 

$2,421,000 

$  7.90 

Lakeport 

12,800 

9,300^^ 

$2,146,000 

$13.00 

Pitney  Ridge 

5,400 

8,200^^ 

$   839,000 

$  9.50 

Excelsior 

38,000 

9,800 

$  957,000 

$  5.20 

\/     Includes  ground  water  yield  of 
13,000  acre-feet. 


In  this  connection.  Lake  County  and  Yolo  County 
entered  Into  an  agreement  on  May  17,  I960,  whereby  the  two  counties 
mutually  agreed  to  respect  each  other's  proposals  for  future  water 
development,  with  particular  reference  to  applications  filed  by 
Yolo  County  for  the  appropriation  of  unappropriated  water  of  the 
Cache  Creek  watershed.   In  this  agreement,  a  copy  of  which  is 
included  in  Appendix  A,  Lake  County  specified  the  four  reservoirs 
named  in  the  foregoing  paragraph,  plus  5,000  acre-feet  of  storage 
in  small  reservoirs  to  be  covered  under  future  applications,  which 
are  not  to  be  protested  by  Yolo  County  in  connection  with  the 
applications  on  Cache  Creek,  filed  by  the  latter  county. 
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With  regard  to  the  proposals  for  further  development 
of  the  water  resources  of  the  Clear  Lake  Basin  proposed  in 
Bulletin  No.  l4  and  in  Bulletin  No,  3,    and  specified  in  the  cited 
agreement  between  I^ke  and  Yolo  Counties,  it  should  be  emphasized 
that  under  the  existing  water  rights  permit  of  the  Clear  Lake 
Water  Company,  surplus  surface  waters  of  the  Clear  Lake  Basin  are 
limited  to  the  present  spills  from  Clear  Lake,   In  other  words, 
the  storable  inflows,  or  the  amount  of  water  which  could  be  con- 
served in  any  surface  storage  development  within  the  basin,  are 
limited  essentially  to  the  flood  flows  which  waste  from  Clear 
Lake  during  wetter  years.   During  a  drought  period,  such  as  that 
which  occurred  from  1928  through  1935*  there  would  be  practically 
no  spills  of  surplus  water  from  Clear  Lake, 

During  the  current  investigation,  monthly  operation 
studies  of  Kelseyville,  Lakeport,  and  Pitney  Ridge  Reservoirs 
were  conducted  for  the  l6-year  period  from  1920-21  through 
1935-36.   As  the  results  of  all  three  studies  were  similar,  only 
the  Kelseyville  Reservoir  operation  study  is  described  herein. 
In  this  study,  Kelseyville  Reservoir,  with  a   storage  capacity  of 
36,000  acre-feet,  was  operated  on  a  new  yield  basis.   Satis- 
faction of  present  established  water  rights  would  necessitate 
reservoir  releases  to  meet  existing  downstream  demands  for  ground 
water  recharge  in  Big  Valley,  and  preclude  the  storage  of  Inflow 
when  the  Clear  Lake  stage  was  below  elevation  7.56  on  the  Rumsey 
Gage.   However,  water  stored  in  the  reservoir  during  previous 
years  would  not  have  to  be  released  for  maintenance  of  the  lake 
level. 
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It  was  found  that  during  the  l6-year  period  (1920-21 
through  1935-36),  Kelseyvllle  Reservoir  would  have  spilled  only 
four  times.   However,  during  two  of  those  years,  stored  water 
would  have  had  to  be  released  to  Clear  Lake  under  the  limitations 
Imposed  by  recognition  of  present  downstream  water  rights.   More- 
over, Kelseyvllle  Reservoir  would  have  contained  stored  water 
during  the  entire  year  in  only  7  of  the  I6  years  of  the  operation 
period.   Most  significantly,  however,  for  a  l6-month  period,  such 
as  existed  from  June  of  1930  through  September  of  1931*  the  reser- 
voir would  have  been  completely  empty.   It  was  therefore  concluded 
that  an  additional  firm  water  supply  could  not  be  developed  in 
Kelseyvllle  Reservoir  under  existing  water  rights  limitations 
imposed  by  users  in  the  Cache  Creek  Basin,   The  same  situation  was 
found  to  prevail  with  respect  to  Lakeport  and  Pitney  Ridge  Reser- 
voirs, 

The  foregoing  analysis  of  the  new  yield  of  Kelseyvllle 
Reservoir  serves  to  demonstrate  conclusively  that  Lake  County 
cannot  develop  additional  surface  water  supplies  within  the  Clear 
Lake  Basin  under  present  water  rights  held  by  downstream  users. 
The  only  practicable  means  of  enabling  the  further  development 
of  surface  water  supplies  in  the  basin  would  involve  either  the 
Joint  participation  by  upstream  and  downstream  users  in  a  major 
water  development  project,  wherein  Clear  Lake  would  be  operated 
coordinately  with  storage  on  Cache  Creek,  or  the  purchase  of 
water  in  Clear  Lake  if  present  conditions  with  respect  to  down- 
stream water  rights  should  prevail.  Water  made  available  by 
either  method  could  be  developed  in  upstream  reservoirs  or  by 
diversion  from  Clear  Lake, 
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Alternative  Clear  Lake  Diversion  Pro.lect 

During  the  current  Investigation,  a  reconnaissance 
study  was  made  of  a  possible  plan  Involving  the  pumping  of  water 
from  Clear  Lake  to  meet  future  requirements  for  Irrigation  In 
Big  Valley  and  Scott  Valley.   This  plan  was  envisioned  as  an 
alternative  to  the  development  of  Kelsey  Creek  and  Scott  Creek. 
The  plan  involved  the  diversion  and  delivery  of  water  to  the 
several  service  areas,  but  did  not  Include  distribution  to  the 
farms.  Distribution  could  be  accomplished  either  by  surface  fa- 
cilities or  by  increased  utilization  of  ground  water  storage. 
In  this  connection,  the  delivery  points  or  canal  terminuses  were 
located  near  stream  channels  where  ground  water  replenishment 
could  be  accomplished,  thereby  serving  as  a  possible  distribution 
facility. 

Prelimlnai^  designs  and  cost  estimates  were  made  of  the 
pumping  plants,  pipelines,  and  canals  needed  to  divert  water 
from  the  lake  and  convey  it  to  the  points  of  distribution.  Esti- 
mates were  based  upon  water  requirements  reported  In  Bulletin 
No.  14,  topographic  information  from  U.  S,  Geological  Survey 
quadrangles,  and  preliminary  cost  estimating  procedures.   It  was 
determined  that  the  average  annual  cost  of  delivering  about 
29,000  acre-feet  to  Big  Valley  would  be  about  $11  per  acre-foot. 
The  average  annual  cost  to  deliver  about  3,200  acre-feet  to  Scott 
Valley  would  be  about  $5  per  acre-foot.   Plans  for  delivering 
supplemental  water  to  the  Upper  Lake  area  were  not  Included  in 
this  study  because  of  the  excessive  cost  for  pumping  and  con- 
veying water  to  the  somewhat  scattered  irrigable  land. 
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Location  of  the  Alternative  Clear  Lake  Diversion 
Project  is  shown  on  Plate  12,  entitled  "Existing  and  Alternative 
Water  Supply  Developments". 

Wilson  Valley  Project 

Additional  water  supplies  sufficient  to  meet  water 
requirements  within  the  Clear  Lake-Cache  Creek  Basin  for  a  number 
of  years  into  the  future  could  be  provided  by  construction  of  the 
Wilson  Valley  Project,   The  Wilson  Valley  Project  would  consist 
of  a  major  dam  and  reservoir  on  Cache  Creek  at  the  Wilson  Valley 
site,  a  small  regulatory  reservoir  at  the  downstream  Brooks  site, 
and  existing  and  improved  facilities  of  the  Clear  Lake  Water 
Company,  which  would  be  acquired  and  operated  as  part  of  the 
project.   These  latter  works  would  include  existing  storage  fa- 
cilities in  Clear  Lake,  an  enlargement  of  the  outlet  channel 
capacity  of  Clear  Lake,  the  existing  distribution  system  of  the 
company,  and  improvements  to  the  distribution  system.   Location  of 
the  Wilson  Valley  Project  is  shown  on  Plate  12. 

The  Wilson  Valley  Project  would  provide  a  firm  water 
supply  to  the  downstream  Cache  Creek  Service  Area  in  the  esti- 
mated amount  of  about  177,000  acre-feet  per  year,  based  on  net 
farm  delivery,  of  which  an  average  of  about  85,000  acre-feet 
presently  is  being  delivered  on  a  nonfirm  basis.   In  addition, 
percolation  losses  from  the  conveyance,  distribution,  and  applica- 
tion of  the  92,000  acre-feet  annually  of  new  surface  supplies 
would  increase  the  availability  of  ground  water  by  43,000  acre- 
feet  per  year.   Considering  both  surface  and  ground  water  yields, 
the  project  would  increase  the  firm  annual  net  farm  delivery  to 
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the  Cache  Creek  Service  Area  by  148,000  acre-feet,  which  would 
nearly  meet  the  potential  ultimate  (2015)  supplemental  water  re- 
quirement in  that  area.   Furthermore,  the  project  would  make 
available  in  Clear  Lake  sufficient  water  to  permit  users  in  the 
Clear  Lake  Basin  to  develop  an  additional  36,000  acre-feet  per 
year,  on  a  net  farm  delivery  basis.   This  could  be  accomplished 
by  deliveries  from  Clear  Lake,  by  upstream  storage,  or  by  both, 
with  a  net  annual  depletion  of  21,000  acre-feet  to  the  inflow  to 
Wilson  Valley  Reservoir. 

In  addition  to  conservation  of  water,  the  Wilson  Valley 
Project  would  provide  flood  control  to  lands  and  improvements 
adjacent  to  Clear  Lake,  and  to  lands  along  Cache  Creek  in  the  Capay 
and  Sacramento  Valleys,   Furthermore,  recreational  enhancement  of 
Clear  Lake  would  be  realized  from  stabilization  of  the  water 
surface  levels  resulting  from  project  operation.   Moreover,  new 
recreational  opportunities  would  be  provided  at  Wilson  Valley  and 
Brooks  Reservoirs,  and  along  Cache  Creek  downstream  from  Wilson 
Valley  Reservoir, 

General  Project  Features 

Wilson  Valley  Reservoir  would  have  a  storage  capacity 
of  1,000,000  acre-feet.   It  would  be  operated  to  regulate  spills 
from  Clear  Lake  as  well  as  the  presently  unregulated  flows  of 
the  North  Fork  of  Cache  Creek.   The  existing  31^,000  acre-feet  of 
useable  storage  capacity  in  Clear  Lake  would  be  included  as  part 
of  the  Wilson  Valley  Project.   Under  the  proposed  plan  of  opera- 
tion, all  irrigation  releases  from  the  project  would  be  made  from 
Wilson  Valley  Reservoir  until  the  reservoir  stage  would  reach  the 
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the  minimum  pool,  at  which  time  releases  would  be  initiated  from 
Clear  Lake,   It  would  be  necessary  to  make  releases  from  Clear 
Lake  only  during  critical  dry  periods. 

Water  stored  in  Wilson  Valley  Reservoir  would  be 
released  into  the  channel  of  Cache  Creek  to  flow  downstream  for 
use  in  Capay  Valley  and  for  reregulation  in  Brooks  Reservoir, 
Brooks  Reservoir,  which  would  have  a  storage  capacity  of  6,000 
acre-feet,  would  provide  daily  and  weekly  peaking  capacity  to 
meet  demands  in  the  Cache  Creek  Service  Area,   The  regulated 
supplies  would  be  released  into  a  distribution  system  for  delivery 
throughout  the  Cache  Creek  Service  Area.   Brooks  Reservoir  also 
would  be  operated  to  provide  partial  regulation  to  the  winter 
flows  in  Cache  Creek,  to  enhance  ground  water  recharge. 

Flood  control  would  be  provided  to  lands  along  Cache 
Creek  by  the  reservation  of  65,000  acre-feet  of  flood  storage 
space  in  Wilson  Valley  Reservoir.   This  space  would  be  reserved 
during  the  period  from  November  1  to  April  1,  after  which  it 
would  be  utilized  for  conservation  storage.   Releases  from  Wilson 
Valley  Reservoir  during  floods  would  be  limited  to  flows  of 
15,000  second-feet  at  Rumsey,  to  prevent  erosion  along  the  lower 
Cache  Creek  channel.   Flood  protection  to  lands  adjacent  to  Clear 
Lake  would  be  achieved  by  enlarging  the  capacity  of  the  Clear 
Lake  outlet  channel,  from  the  present  capacity  of  2,500  second- 
feet  to  a  capacity  of  8,500  second-feet,  at  a  lake  stage  of  7.56 
feet  on  the  Rumsey  Gage  at  Lakeport.   The  flood  flows  passed  from 
the  lake  would  be  regulated  in  Wilson  Valley  Reservoir. 

Operation  of  the  Wilson  Valley  Project  would  greatly 
enhance  recreation  around  Clear  Lake  by  stabilization  of  the  lake. 
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Recreational  opportunity  at  Wilson  Valley  and  Brooks  Reservoirs 
would  also  be  provided  by  construction  of  on-shore  recreation 
facilities.   Moreover,  stream  flow  releases  from  Wilson  Valley 
Reservoir  would  enhance  the  sport  fishery  of  Cache  Creek, 

Operation  of  the  Wilson  Valley  Project  would  require  a 
modification  of  existing  court  decrees  which  control  the  present 
operation  of  Clear  Lake,   As  stated,  the  Wilson  Valley  Project 
would  involve  enlargement  of  the  Clear  Lake  outlet  channel,  and 
closer  control  over  lake  levels  by  more  rapid  release  of  winter 
flood  waters  and  by  minimizing  drawdown  during  the  summer  irri- 
gation season.   The  Gopcevic  Decree  enjoins  downstream  users  from 
deepening  the  Clear  Lake  outlet  channel  to  any  depth  greater  than 
4  feet  below  the  zero  mark  on  the  Rumsey  Gage,  and  sets  limits  on 
the  lowering  of  lake  levels  from  irrigation  releases  for  down- 
stream use.   The  Bemmerly  Decree  superimposes  a  further  limitation 
on  the  Gopcevic  Decree,  in  that  it  precludes  the  widening  or 
deepening,  or  enlarging  in  any  manner,  the  Clear  Lake  outlet 
channel.   Under  project  operation,  there  would  be  no  need  for 
these  decrees  as  presently  in  force,  as  conditions  which  the 
decrees  were  designed  to  prevent  would  not  exist.   As  stated  in 
Chapter  I,  copies  of  the  Gopcevic  and  Bemmerly  Decrees  are  included 
in  Appendix  A, 

Wilson  Valley  Dam  and  Reservoir.   Wilson  Valley  Reservoir 
would  be  created  by  construction  of  a  dam  on  the  main  stem  of 
Cache  Creek  about  5  miles  downstream  from  its  confluence  with  the 
North  Fork,  or  about  8  miles  downstream  from  the  crossing  of  the 
North  Pork  by  State  Highway  Route  20.   Several  alternative  dam 
sites  were  investigated  in  selecting  the  site  for  the  Wilson 
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Valley  Dam.  The  selected  site,  referred  to  as  the  lower  Wilson 
Valley  site,  was  chosen  on  the  basis  of  foundation  exploration, 
engineering  design  considerations,  and  economic  analysis.  This 
site  is  located  in  the  southeast  quarter  of  Section  19,  Township 
13  North,  Range  5  West,  Mount  Diablo  Base  and  Meridian.  Stream 
bed  elevation  at  the  site  is  867  feet  above  sea  level,  U,  S, 
Geological  Survey  datum. 

Wilson  Valley  is  a  reach  of  flat  land  extending  along 
Cache  Creek  downstream  from  the  mouth  of  Rocky  Creek  for  a 
distance  of  about  2.5  miles.   It  is  a  remote  area,  accessible  only 
by  unimproved  road  which  extends  southward  from  the  North  Pork  of 
Cache  Creek  crossing  of  California  State  Route  20.  Wilson  Valley, 
as  well  as  the  canyon  of  the  North  Fork  of  Cache  Creek,  would  be 
completely  inundated  by  a  reservoir  with  a  storage  capacity  of 
1,000,000  acre-feet.   Further,  portions  of  California  State 
Route  20  would  require  relocation. 

Topographic  maps  of  the  Wilson  Valley  dam  site  and 
reservoir  area  at  a  scale  of  1  inch  equals  400  feet,  with  a  contour 
interval  of  20  feet,  were  prepared  by  the  U.  S.  Bureau  of  Reclama- 
tion in  19^6,  using  photogrammetric  methods.   Storage  capacities 
and  corresponding  surface  areas  of  Wilson  Valley  Reservoir  at 
various  stages  of  water  surface  elevation  are  shown  in  Table  36. 
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TABLE  36 

AREAS  AND  STORAGE  CAPACITIES  OF 
WILSON  VALLEY  RESERVOIR 

Water  surface     •-                                         i   Storage  capacity, 
elevation.  In  feet   ;   Area,  In  acres   : In  acre-feet 

867  0  0 

880  20  100 

920  200  3,^00 

960  600  19,000 

1,000  1,200  52,000 

1,040  2,000  114,000 

1,080  2,800  208,000 

1,108  3,600  300,000 

1,140  4,600  428,000 

1,180  6,200  648,000 

1,220  8,000  932,000 

1,228  8,400  1,000,000 

With  the  exception  of  the  Wilson  Valley  Dam  and  Reser- 
voir, all  other  features  of  the  Wilson  Valley  Project  would  be 
common  to  any  comprehensive  plan  for  development  of  water  re- 
sources of  the  Clear  Lake-Cache  Creek  Basin.   Specifically,  those 
features  considered  essential  to  any  alternative  comprehensive 
plan  would  involve  enlargement  of  the  Clear  Lake  outlet  channel, 
construction  of  downstream  regulatory  storage,  and  acquisition 
and  enlargement  of  the  existing  diversion  and  distribution  system 
of  the  Clear  Lake  Water  Company,   Therefore,  selection  of  the 
size  of  the  Wilson  Valley  Project  was  based  upon  consideration  of 
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the  relative  costs  and  accomplishments  of  various  sizes  of  dam 
and  reservoir  at  the  Wilson  Valley  site. 

As  a  first  step  in  determination  of  the  size  of  the 
Wilson  Valley  Dam  and  Reservoir,  estimates  were  made  of  the  yield 
for  various  reservoir  storage  capacities,  ranging  from  300,000 
acre-feet  to  1,100,000  acre-feet.   Preliminary  estimates  of  cost 
were  then  prepared  for  each  of  these  capacities.   Finally,  project 
accomplishments  in  terms  of  net  annual  benefits  for  each  of  the 
capacities  were  evaluated,  and  the  size  of  dam  and  reservoir 
providing  the  greatest  annual  net  benefits  was  selected. 

Based  on  the  foregoing  considerations,  a  dam  creating 
a  reservoir  with  a  storage  capacity  of  1,000,000  acre-feet  was 
selected  as  the  most  favorable  size  of  facility  at  the  Wilson 
Valley  site.   Data  on  the  capacity,  yield  at  the  dam  site,  and 
capital  cost  of  the  five  reservoir  capacities  analyzed  are  shown 
in  the  following  tabulation. 

Annual  yield  at 
Reservoir  storage      Capay  Diversion      Estimated 
capacity  (in  acre-feet)    (in  acre-feet)     capital  cost 

300,000  121,500         $18,300,000 

550,000  179,000         $21,800,000       "2 

1         830,000  226,000         $26,600,000 

5  1,000,000  254,000       $32,680,000 

1,100,000  261,000       $36,700,000 

Based  on  findings  of  a  geologic  exploration  program,  the 
Wilson  Valley  Dam  site  is  considered  to  be  suitable  for  construction 
of  a  zoned  earthfill  or  earth  and  rockflll  dam  of  the  heights 
considered.   The  supply  of  natural  materials  in  and  around  Wilson 
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Valley  is  sufficient  for  construction  of  a  large  zoned  fill 
dam. 

Both  abutments  and  the  spillway  site  at  the  lower 
Wilson  Valley  Dam  site  are  underlain  by  relatively  impervious, 
interlayered  beds  of  siltstone,  shale,  and  sandstone  of  the 
Knoxvllle  group,  of  probable  lower  Cretaceous  age.   These  rocks 
dip  steeply  upstream.   Even  though  the  rocks  are  moderately 
fractured,  only  a  moderate  amount  of  grouting  would  be  required 
below  stripping  depth.   The  stream  channel  is  filled  with  gravel, 
sand,  and  some  clay,  to  a  maximum  depth  of  17  feet.   Beneath  the 
channel  fill,  the  Knoxville  rocks  are  fractured  to  a  depth  of 
about  30  feet.   However,  drill  cores  show  that  these  rocks,  when 
adequately  grouted,  will  provide  a  good  foundation  capable  of 
supporting  an  earth  and  rockfill  dam.   No  evidence  of  major 
faulting  Is  apparent  in  the  drill  cores o 

In  preparation  of  the  foundation  for  the  proposed  dam 
the  stream-channel  deposits  should  be  removed,  and  all  of  the 
weathered  bedrock  should  be  removed  from  beneath  the  impervious 
section  in  the  channel.   Approximately  10  feet  of  loose  bedrock 
and  soil  should  be  stripped  from  the  slope  on  the  left  abutment. 
The  area  beneath  the  impervious  section  would  require  additional 
stripping  of  30  feet  to  expose  suitable  foundation  material.  On 
the  right  abutment  approximately  5  feet  of  soil  should  be  removed 
from  the  entire  abutment  area.   Weathered  and  broken  bedrock 
should  be  stripped  to  an  additional  depth  of  20  feet  beneath  the 
impervious  core  area.   Only  the  excavation  for  shaping  would  be 
required  under  the  pervious  fill.   A  grout  curtain  beneath  the 
Impervious  core  should  be  provided  to  assure  a  reasonable  degree 
of  cutoff  of  seepage  beneath  the  dam, 
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The  entire  spillway  area  on  the  left  abutment  is  under- 
lain by  Interlayered  beds  of  shale,  slltstone,  and  sandstone  of 
the  Knoxville  group.   An  extensive  trenching  exploration  was 
conducted  to  determine  foundation  conditions  in  the  spillway  area. 
Results  of  laboratory  tests  indicated  that  a  large  percentage  of 
the  material  excavated  for  the  spillway  would  be  suitable  for  use 
in  construction  of  the  dam.   The  spillway  could  be  located  either 
through  the  saddle  northeast  of  the  left  abutment,  or  across  the 
left  abutment  as  presently  proposed.  Benching  of  the  cut  slopes 
at  regular  vertical  Intervals  would  permit  stabilization  of  the 
foundation  material  at  a  1  to  1  slope,  thus  minimizing  the  total 
volume  of  required  excavation.   Prevention  of  erosion  and  under- 
cutting of  the  foundation  material  would  necessitate  lining  of 
the  entire  spillway  and  construction  of  a  suitable  cutoff  at  the 
end  of  the  lined  section. 

Although  no  earthquake  epicenters  have  been  recorded  in 
the  immediate  vicinity  of  the  dam  site,  it  is  prudent  to  assume 
that  this  area  could  be  subjected  to  earthquakes  of  considerable 
intensity.   Landslides  constitute  another  hazard  in  the  Cache  Creek 
Canyon.   Although  the  dam  Itself  would  not  be  endangered  from 
landslides,  the  outlet  works  could  be  temporarily  submerged  as  a 
result  of  downstream  landslides  which  might  block  the  creek 
channel.   A  dam  at  this  site,  however,  could  mitigate  downstream 
danger  from  landslide  activity  by  holding  back  the  flow  of  the 
river  until  after  the  slide  material  could  be  removed  from  the 
stream. 

Results  of  field  investigation  of  potential  construction 
materials  Indicated  that  requirements  for  impervious  and  pervious 
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fill  and  for  aggregate  could  be  met  within  a  reasonable  haul 
distance  of  the  dam  site.   Ample  quantities  of  acceptable  fill 
materials  could  be  obtained  within  a  maximum  distance  of  11  miles 
upstream  from  the  site  along  Cache  Creek  and  North  Fork  Cache 
Creek.   Gravel  and  sapd  for  aggregate  are  available  in  this  same 
general  area,  but  these  must  be  sampled  and  tested  more  ex- 
tensively to  determine  suitability  for  concrete  aggregate.   Rip- 
rap may  be  obtained  from  outcrops  of  unweathered  peridotite  along 
Rocky  Creek,  approximately  1.5  miles  west  of  the  dam  site.   A 
detailed  discussion  of  geologic  conditions  of  the  Wilson  Valley 
Dam  site  and  the  location  of  possible  construction  materials  is 
on  file  with  the  Department  of  Water  Resources. 

i  The  selected  dam,  which  would  create  reservoir  storage 

capacity  of  1,000,000  acre-feet,  would  have  a  height  of  377  feet 
above  stream  bed,  a  crest  length  of  1,3^0  feet,  a  crest  width  of 
30  feet,  and  upstream  and  downstream  slopes  of  3  to  1  and  2.25  to- 

"  1,  respectively.   The  central  impervious  core  of  the  dam  would  be 
constructed  of  compacted  earth,  and  would  have  a  top  width  of  10 
feet  and  side  slopes  of  0.5  to  1.   The  outer  pervious  zone  of 
the  dam  would  consist  of  free  draining  stream  bed  gravels,  ob- 
tained from  alluvium  and  terrace  deposits  which  extend  for  several 
miles  in  the  upstream  and  downstream  channel.   The  total  volume 
of  fill  would  be  about  8,600,000  cubic  yards,  including  2,000,000 
cubic  yards  in  the  impervious  zone. 
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An  ungated  side  channel  spillway  would  be  located  on 
the  steep  slope  of  the  left  abutment.   This  spillway  would  be 
concrete  lined,  and  would  consist  of  an  approach  channel,  an 
ogee  weir  overflow  structure,  and  a  chute  terminating  in  a  flip 
bucket  which  would  impart  an  upward  thrust  to  the  discharge, 
thus  minimizing  channel  scour.   The  spillway  was  designed  to  pass 
a  discharge  of  45,000  second-feet  with  a  maximum  depth  of  10  feet 
above  the  spillway  lip,  with  an  additional  6  feet  of  freeboard. 
The  spillway  was  sized  on  the  premise  that  the  design  flood  would 
occur  with  a  completely  filled  reservoir,  including  the  65,000 
acre-feet  of  flood  control  storage.   The  project-design  flood  was 
determined  from  a  standard  flood  frequency  analysis  based  on 
recorded  runoff  in  Cache  Creek, 

The  reservoir  would  be  operated  to  provide  a  flood 
control  storage  reservation  of  65,000  acre-feet  during  the  winter 
months,  to  control  downstream  flood  control  releases  to  15,000 
second-feet  whenever  possible,  and  to  utilize  the  flood  control 
storage  for  conservation  during  later  spring  months  after  the 
threat  of  floods  has  passed.   This  conservation  would  be  ac- 
complished by  means  of  a  30-foot  by  40-foot  radial  gate  located 
in  the  approach  channel  to  the  spillway  below  the  overpour  section, 
With  the  radial  gate  in  a  closed  position  the  reservoir  could  fill 
to  the  spillway  lip.   However,  with  the  gate  in  an  open  position, 
65,000  acre-feet  of  flood  control  storage  would  be  reserved,  and 
releases  would  be  controlled  to  approximately  15,000  second-feet 
to  avoid  excessive  erosion  in  the  downstream  channel.   The  opera- 
tion of  the  radial  gate,  and  its  relationship  with  respect  to  the 
reservoir  and  spillway  structure,  can  be  seen  by  reference  to 
Plate  13,  entitled  "Wilson  Valley  Dam  on  Cache  Creek", 
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During  construction  of  the  dam.  Cache  Creek  would  be 
diverted  through  a  28-foot  diameter  tunnel,  about  1,680  feet  In 
length,  constructed  through  the  right  abutment.   After  completion 
of  the  dam,  the  tunnel  would  become  part  of  the  outlet  works.   The 
tunnel  inlet  would  consist  of  a  transition  structure  covered  by  a 
sloping  trashrack.   Two  72-lnch  diameter  steel  pipes  would  be 
installed,  extending  from  the  outlet  structure  to  a  gate  chamber 
in  the  diversion  tunnel  just  upstream  from  the  axis  of  the  dam. 
Upon  completion  of  the  dam,  the  diversion  tunnel  would  be  plugged 
immediately  upstream  from  the  gate  chamber,  which  chamber  would 
contain  two  4-1/2-  by  4-l/2-foot  pressure  slide  gates  for  control 
of  releases.   The  outlet  structure  would  contain  two  66-inch 
diameter  Howell-Bunger  type  valves,  which  would  control  releases 
into  a  lined  chute  located  near  the  downstream  toe  of  the  dam. 

The  area  that  would  be  inundated  by  Wilson  Valley  Reser- 
voir is  sparsely  settled  open  range,  presently  utilized  for  live- 
stock grazing.   There  are  few  residences  within  the  area,  and  no 
significant  areas  of  irrigated  land.   Commercial  establishments 
include  gravel  pits  along  the  North  Fork  of  Cache  Creek,  a  minnow 
raising  operation  in  the  same  area,  and  the  inoperative  Myra 
sulfur  mine  near  the  high  water  line  in  Section  12,  Township  l4 
North,  Range  7  West.   Approximately  10,200  acres  of  land  would 
have  to  be  acquired  for  the  1,000,000  acre-foot  Wilson  Valley 
Reservoir, 

The  estimate  of  cost  of  acquisition  of  the  Wilson  Val- 
ley Reservoir  site  was  based  upon  preliminary  estimates  of  the 
value  of  lands  and  improvements  within  the  reservoir.   Real  estate 
was  evaluated  by  the  market  analysis  method,  in  which  each  tract 
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of  land  was  appraised  by  comparison  with  recent  transactions  In 
which  similar  properties  were  Involved,   Data  on  land  ownership 
and  descriptions  of  properties  were  obtained  from  the  Yolo  County- 
Assessor,  and  data  on  sales  and  costs  of  properties  In  and  adjacent 
to  the  areas  were  obtained  from  the  county  recorder  and  from  local 
real  estate  agencies.   It  was  assumed  that  the  market  value  of 
land  and  property  would  represent  the  present  worth  of  the  future 
productivity  of  lands  flooded  by  reservoir  development. 

Estimates  also  were  made  of  damages  to  property  owners 
because  of  adverse  effects  of  severance  of  property,  reduction 
of  area  of  operation,  loss  of  or  obstruction  of  communications, 
and  other  elements.   All  developed  lands,  as  well  as  the  accessible 
portions  of  the  undeveloped  lands  within  the  reservoir  areas, 
were  Inspected  and  evaluated  in  the  field. 

The  State  Division  of  Highways,  in  cooperation  with  the 
Department  of  Water  Resources,  made  a  preliminary  study  of 
alternative  routes  for  relocating  State  Highway  20  around  the 
proposed  Wilson  Valley  Reservoir,   Cost  estimates  were  based  upon 
improvement  of  the  relocated  route  to  expressway  standards.   The 
portion  of  cost  for  relocation  in  kind  is  included  in  the  esti- 
mate of  reservoir  cost,  and  it  was  assumed  that  the  State  Highway 
Commission  would  contribute  the  portion  of  the  cost  required  for 
improvement  of  the  route. 

Pertinent  data  with  respect  to  general  features  of  the 
Wilson  Valley  Dam  and  Reservoir,  as  designed  for  cost  estimating 
purposes,  are  presented  in  Table  37, 
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TABLE  37 

GENERAL  FEATURES  OP 
WILSON  VALLEY  DAM  AND  RESERVOIR 


Dam 

Type earthflll 

Crest  elevation,  in  feet 1,244 

Crest  length,  in  feet 1,340 

Crest  width,  in  feet 30 

Height  above  stream  bed,  in  feet 377 

Freeboard  above  maximum  water  surface, 

in  feet 6 

Side  slopes 

Upstream 3  =  1 

Downstream  2.25:1 

Elevation  of  stream  bed,  in  feet 867 

Volum.e  of  fill,  in  cubic  yards 8,600,000 

Reservoir 

Surface  area   at   spillway   lip, 

in  acres 8,400 

Storage   capacity  at   spillway  lip, 

in  acre-feet    1,000,000 

Drainage  area,  in  square  miles  .  ,  .  .  » 800 

Average  seasonal  runoff,  in  acre-feet   372,000 

Seasonal  yield  of  water,  in  acre-feet   252,000 

Type  of  spillway lined  side 

channel 
Spillway  discharge  capacity, 

in  second-feet  45,000 

Type  of  conservation  outlet  works   ,  ,  ,   Two  72-inch  diameter 

steel  pipes  in  tunnel 

through  right  abutment 

Type  of  flood  control  outlet  ....   30-foot  by  40-foot  radial 

gate  in  upstream  end  of 
spillway  inlet  structure 


The  capital  cost  of  the  Wilson  Valley  Dam  and  Reser- 
voir is  estimated  to  be  $34,515,000,  based  upon  prices  prevailing 
in  the  spring  of  I960,   The  capital  cost  is  broken  down  by 
principal  features  in  the  following  tabulation,  and  is  presented 
in  detail  in  Appendix  B. 
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Dam 

Embankment  $l4, 506,000 

Spillway  $   4,486,000 

Outlet  works  $   4,4l8,000 

Reservoir 

Lands  and  Improvements  $  2,484,000 

Relocation  of  utilities 

State  Highway  20  $  8,229,000 

County  roads  $   392,000 

It  may  be  noted  that  the  cost  of  relocation  of  State 
Highway  20  amounts  to  $8,229,000.   This  value  includes,  in 
addition  to  the  cost  of  replacement  at  existing  standards,  the 
cost  of  improvement  to  expressway  standards.   The  State  Division 
of  Highways  has  estimated  that  relocation  of  State  Highway  20 
around  Wilson  Valley  Reservoir  would  cost  $6,348,000  for  re- 
placement at  existing  standards,  and  an  additional  $1,735,000 
for  replacement  to  expressway  standards. 

Brooks  Dam  and  Reservoir,   Brooks  Reservoir  would  be 
created  by  construction  of  a  dam  on  Cache  Creek  in  the  northwest 
1/4  of  Section  7,  Township  10  North,  Range  2  West,  Mount  Diablo 
Base  and  Meridian  about  3  miles  upstream  from  the  existing  Capay 
Diversion  Dam,   The  location  of  Brooks  Dam  is  shown  on  Plate  12. 

Brooks  Dam  would  serve  two  principal  purposes:  (l)  To 
provide  forebay  capacity  for  the  downstream  distribution  system 
in  the  Cache  Creek  Service  Area  so  that  peak  irrigation  demands 
could  be  met  without  wide  fluctuations  in  the  flow  of  Cache  Creek; 
and  (2)  To  regulate  flood  runoff  from  the  drainage  area  below 
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Wilson  Valley   Reservoir  so   that   releases   could  be  made   to   lower 
Cache  Creek  at   rates   that  would  percolate   to  ground  water  basins. 
Releases   from  Brooks   Reservoir  for  percolation   to  maintain  ground 
water  levels   could  be  made  at  amounts  up   to   300   second-feet  without 
experiencing  outflow  at   the  Yolo  Gaging  Station.      Records   show  that 
percolation  rates  of   300  second-feet   could  be  maintained   for  at 
least  one  month,    and  that   rates  of   150   second-feet   could  be 
maintained   for  one  month,    and,    subsequently,    150  second-feet   could 
be  maintained   for  four  months. 

A   topographic  map  of  the  dam  site  and   reservoir  area, 
at  a    scale  of  one   inch  equals   2,000  feet,    was  prepared  by  U.    S. 
Geological   Survey  in  1939  for  a   29-mlle   reach  of  Cache   Creek  above 
Capay  Diversion  Dam.      This  map,    with   10-foot   contour  interval,    was 
considered  adequate   for  preliminary  planning.      Storage   capacities 
and  corresponding  surface  areas  of  Brooks   Reservoir  at   various 
stages   of  water  surface  elevation  are   shown  in  Table   38. 

TABLE   38 

AREAS  AND  CAPACITIES  OF  BROOKS  RESERVOIR 

Water   surface   elevation,    :                                     i    Storage   capacity, 
In   feet.    USGS  datum :   Area,    in  acres    :        in  acre-feet 

240  0  0 

250  50  180 

260  100  890 

270  210  2,400 

280  560  6,200 

290  1,060  14,300 
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Based  upon  the  topography  and  the  spillway  flood 
requirements  at  the  Brooks  site,  a  gross  reservoir  storage  ca- 
pacity of  6,200  acre-feet  was  selected.   At  a  normal  pool  eleva- 
tion of  280  feet,  U.  S.  Geological  Survey  datum,  the  water  surface 
area  would  be  56O  acres. 

From  a  surficial  field  inspection  and  review  of  the 
available  geology  reports  on  Brooks  Dam  site,  the  site  appears  to 
be  geologically  suitable  for  construction  of  the  proposed  dam. 
The  dam  site  consists  of  a  300-foot  wide  channel,  with  a  steep 
right  abutment  and  a  gently  sloping  left  abutment.   The  area  is 
underlain  by  moderately  hard,  bedded  sandstone  and  shale  of  the 
Chico  formation  of  Cretaceous  age,  and  by  the  moderately  con- 
solidated slltstone,  mudstone,  and  sandstone  of  the  Tehama  formation 
of  Pliocene  age.   Vertical  joints  are  prominent  In  the  harder  rocks, 
A  fault  was  noted  behind  the  left  abutment  and  small  landslides 
were  noted  in  both  abutments,  but  these  do  not  pose  any  major 
problem. 

The  channel  of  Cache  Creek  at  the  Brooks  site  is  filled 
to  an  average  depth  of  at  least  25  feet  with  boulders,  gravel, 
and  sand.   Exploration  will  be  required  to  determine  the  maximum 
depth  of  this  loose  channel  fill  material.   Foundation  preparation 
for  the  dam  should  include  removal  of  all  of  this  loose  channel 
material.   The  sand  and  gravel  in  Cache  Creek  will  provide  an  ample 
source  of  aggregate  for  concrete,  but  these  should  be  tested  for 
reactivity  and  durability.   Seismic  activity  in  the  region  around 
the  Brooks  Dam  site  is  considered  to  be  moderate. 

The  dam,  as  designed  for  cost  estimating  purposes,  would 
be  of  the  concrete-gravity  type,  with  a  central  overpour  spillway. 
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It  would  be  60  feet  in  height  from  stream  bed  to  spillway  lip, 
with  a  crest  elevation  of  290  feet.   The  crest  length  would  be 
575  feet.   The  spillway,  425  feet  in  length,  would  be  formed  by 
the  ogee  section  of  the  concrete  gravity  dam.   The  abutment 
sections  would  provide  for  10  feet  of  surcharge  above  the  spill- 
way lip.   The  discharge  capacity  of  the  spillway,  with  10  feet 
of  surcharge,  would  be  47,300  second-feet.   In  selecting  the 
spilling  capacity,  it  was  assumed  that  Brooks  Reservoir  would  be 
constructed  subsequent  to  Wilson  Valley  Reservoir.   An  efficient 
facility  for  energy  dissipation  would  be  required  at  the  toe  of  the 
dam  along  the  spillway  section  to  prevent  scouring.   In  this 
preliminary  design  it  was  considered  that  large,  hard  rock  from 
excavation  of  the  foundation  would  be  placed  as  riprap.   Addi- 
tional studies  might  indicate  that  a  stilling  basin  would  be  more 
desirable. 

The  outlet  works  would  consist  of  a  6-foot  diameter  pipe 
installed  through  the  dam.   Releases  of  stored  water  for  both 
irrigation  and  ground  water  recharge  would  be  controlled  by  four 
slide  gates. 

Lands  to  be  inundated  by  Brooks  Reservoir  are,  for  the 
most  part,  irrigable.   Much  of  the  land  is  presently  dry  farmed, 
and  only  limited  areas  are  irrigated.   The  maximum  water  surface 
would  be  limited  to  an  elevation  of  290  feet  to  avoid  flooding 
other  irrigable  areas  above  this  level.   The  reservoir  would  lend 
itself  to  recreation  use  because  of  the  small  daily  and  weekly 
fluctuation  during  the  summer  irrigation  season. 

Pertinent  data  with  respect  to  general  features  of 
Brooks  Dam  and  Reservoir,  as  designed  for  cost  estimating  purposes. 
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are  presented  in  Table  39.   Principal  features  of  the  dam  are 
shown  on  Plate  l4,  entitled  "Brooks  Dam  on  Cache  Creek".   The 
capital  cost  of  Brooks  Dam  and  Reservoir  is  estimated  to  be 
$1,819,000,  based  upon  prices  prevailing  in  the  spring  of  196O. 
This  cost  estimate  is  presented  in  detail  in  Appendix  B, 

TABLE  39 
GENERAL  FEATURES  OF  BROOKS  DAM  AND  RESERVOIR 


Dam 

Type  ..........  concrete  gravity 

Crest  elevation,  in  feet, 

uses  datum 290 

Crest  length,  in  feet 575 

Height  of  spillway  crest 

above  stream  bed,  in  feet 40 

Freeboard,  above  spillway 

crest.  In  feet 10 

Elevation  of  stream  bed, 

in  feet 24o 

Volume  of  concrete,  in  cubic  yards  21,200 

Reservoir 

Surface  area  at  spillway 

lip,  in  acres , 560 

Storage  capacity  at  spillway 

lip.  In  acre-feet 6,200 

Drainage  area,  Wilson  Valley  Dam 

to  Brooks  Dam,  in  square  miles •..        249 

Average  annual  runoff  from  drainage 

area  below  Wilson  Valley  Dam, 

in  acre-feet  64,000 

Type  of  spillway  ungated  overpour  spillway 

on  concrete  gravity  section 
Spillway  discharge  capacity, 

in  second-feet  47,300 

Type  of  outlet  works .,     6-foot 

diameter  conduit 
with  slide  gates 


Distribution  System.   The  yield  of  the  Wilson  Valley 
Project  made  available  for  use  in  the  Cache  Creek  Service  Area 
would  be  released  into  Cache  Creek  on  an  irrigation-demand 
schedule,  and  reregulated  in  Brooks  Reservoir  to  meet  farm 
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irrigation  demands.   Releases  from  Brooks  Reservoir  for  irrigation 
would  be  diverted  into  the  existing  distribution  system  at  the 
Capay  Diversion  Dam, 

Water  service  to  the  Cache  Creek  Service  Area  was 
considered  individually  for  the  Capay  Valley,  Hungry  Hollow, 
Moore,  and  Winters  Units,   Water  service  to  irrigated  lands  would 
largely  utilize  the  canal  systems  already  developed  by  the  Clear 
Lake  Water  Company  and  Its  predecessors.   Portions  of  the  existing 
canals  have  sufficient  capacity  to  meet  future  demands,  while  other 
portions  would  require  enlargement.   In  some  areas  new  canals  and 
laterals  would  be  constructed  to  provide  irrigation  water  service. 
Estimated  annual  irrigation  demands  from  surface  and  ground 
water  for  each  of  the  units  are  shown  in  Table  ^0,   Cost  estimates 
of  improvements  to  the  distribution  system  were  based  on  maximum 
irrigation  requirements,  which  were  forecast  to  occur  in  1975« 
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The  maximum    (1975)    irrigation  water  requirement  within 
the   Capay  Valley  Unit  was  estimated   to   be   17,300  acre-feet  per 
year.  Assuming  that  ground  water  draft  would  remain  at   the 

present   rate   of  about  8,000  acre-feet  per       year,    9*300  acre-feet 
would  be   required   for  delivery  at   the   farms   from  surface   water 
sources.      Including   canal    losses,    11,600  acre-feet  of  water  per 
year       would  have   to  be   diverted   from  project   releases   into   Cache 
Creek. 

Project  water  service   to   Capay  Valley  would  be   provided 
by  an  unllned   canal   with  an  initial   discharge   capacity   of   50 
second-feet.      From   the   diversion  point,    upstream  from  Rumsey,    this 
canal   would  extend  about   11  miles  along   the   west   side   of  Capay 
Valley,      Distribution  would  be  made  by   turnouts   from   the  main  canal 
and  by   short   laterals   to   the   farms. 

Because   of   the   topography  and   the   characteristics   of 
the  underlying  ground  water  basin,    all   return   flows    from   irrigation 
application  in  the   Capay  Valley  Unit  would  drain  to   Cache   Creek 
above   Brooks   Reservoir,    and  would  be   available   for  re-use   in   the 
remainder  of   the   system.      It  was   estimated   that   the   capital   cost 
of  distribution   facilities   in  Capay  Valley  would  be   about   $265,000. 

The  maximum   (1975)   water  requirement   in  the   Hungry 
Hollow  Unit  was   estimated   to  be   33,^00  acre-feet  per      year. 
With  ground  water  draft   remaining  at   the   present   rate   of   11,000 
acre-feet  per       year,    22,400  acre-feet  of  water  would  have   to  be 
delivered   to   the   farm  head  gates   from  surface  water  sources. 
Including  canal   losses,    28,000  acre-feet  per      year    would  have   to 
be   diverted   from  project   releases  below  Brooks   Reservoir, 
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The  existing  Hungry  Hollow  and  West  Adams  Canals,  with 
Improvements  and  extensions,  would  serve  the  Hungry  Hollow  Unit, 
It  was  estimated  that  diversions  under  project  conditions  into 
the  Hungry  Hollow  and  West  Adams  Canals  would  be  about  70  and  80 
second-feet,  respectively.  Both  of  these  canals  presently  have 
capacities  in  excess  of  these  amounts.   It  was  further  estimated 
that  the  capital  cost  of  improving,  extending,  and  providing 
additional  farm  lateral  systems  would  be  about  $290,000. 

The  maximum  (1975)  water  requirement  within  the  Winters 
Unit  was  estimated  to  be  222,000  acre-feet  per  year  under 
project  conditions.   It  was  assumed  that  ground  water  draft  would 
remain  at  about  the  present  rate  of  92,000  acre-feet  per  year. 
Ground  water  would  meet  requirements  for  domestic  and  urban 
purposes,  as  well  as  for  irrigation.  By  diverting  about  163,000 
acre-feet  of  water  per   year.,  including  canal  losses,  from 
project  releases  below  Brooks  Reservoir,  about  130,000  acre-feet 
per  year  would  be  delivered  to  farms. 

The  diversion  and  conveyance  of  water  from  Cache  Creek 
for  service  to  the  Winters  Unit  would  be  accomplished  by  means  of 
the  existing  Winters  Canal,  which  diverts  at  Capay  Dam.   This 
canal  would  be  enlarged  from  its  present  capacity  of  ^70  second- 
feet  to  about  650  second-feet  to  properly  meet  project  require- 
ments.  Portions  of  this  canal  are  concrete  lined,  and  would  remain 
so  under  project  conditions.   Releases  made  from  the  Winters  Canal 
to  the  Esparto  area,  and  to  the  Cottonwood,  Yolo  Central,  and 
Pleasant  Prairie  Canals,  would  reduce  the  Winters  Canal  capacity 
to  about  130  second-feet.   No  enlargement  would  be  needed  beyond 
the  Pleasant  Prairie  Canal  turnout.   It  was  estimated  that  the 
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capital  cost  of  enlarging  the  10-mile  length  of  the  Winters  Canal 
from  Cache  Creek  to  the  Pleasant  Prairie  Canal  would  be  about 
$9^5,000. 

Records  of  the  Clear  Lake  Water  Company  show  that,  at 
one  time  or  another,  nearly  all  the  Winters  Unit  has  been  served 
by  water  from  Cache  Creek.   A  review  of  capacities  of  the  six 
distribution  canals  fed  by  the  Winters  Canal  shows  that  nearly  all 
the  canals  have  adequate  capacity  to  deliver  project  water.  The 
main  exception  is  the  Pleasant  Prairie  Canal,  which  would  require 
enlargement  from  a  capacity  of  60  second-feet  to  17O  second-feet 
for  a  distance  of  8  miles.  Additional  distribution  laterals  would 
have  to  be  constructed  to  serve  about  7,000  acres  to  the  east  of 
the  present  terminus  of  the  Canal.   Improvement  and  extension  of 
laterals  would  have  to  be  provided  for  about  15,000  acres  served 
by  the  other  canals.   It  was  estimated  that  the  capital  cost  for 
enlargement  of  the  Pleasant  Prairie  Canal  and  improvement  of 
distribution  laterals  in  the  Winters  Unit  would  be  about  $1,875,000, 

The  maximum  (1975)  water  requirement  in  the  Moore  Unit 
was  estimated  to  be  107,500  acre-feet  per  year.   It  was  assumed 
that  the  amount  pumped  from  ground  water  would  remain  at  about  the 
present  rate  of  92,000  acre-feet  per   year.   The  amount  of  water 
to  be  diverted  from  Cache  Creek  would  be  19,^00  acre-feet  per 
year,   including  canal  losses.   Releases  from  Brooks  Reservoir 
would  be  made  using  the  existing  system  for  conveying  water  from 
the  Capay  Diversion  Dam  to  the  Moore  diversion  through  the  West 
Adams  Canal.   The  existing  Moore  Canal  has  adequate  capacity  to 
divert  the  maximum  project  flows  of  75  second-feet.   Also,  the 
Moore  Canal  and  its  present  laterals  can  provide  water  service 
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to  most  of  the  Moore  Unit,   It  was  estimated  that  the  capital  cost 

of  improving  and  extending  laterals  for  water  service  to  3,200 
acres  in  the  Moore  Unit  would  be  about  $207,000. 

The  total  cost  of  improving  and  extending  the  distribu- 
tion system,  as  described  herein,  was  estimated  to  be  $3,582,000, 
including  engineering,  administration,  contingencies,  and  interest 
during  construction.   This  cost  is  summarized  for  the  described 
features  in  the  following  tabulation: 

Capay  Valley  Unit 

Construction  of  Capay  Valley  Canal     $  265,000 

Hungry  Hollow  Unit 

Extension  of  West  Adams  and 

Hungry  Hollow  Canals  $   290,000 

Winters  Unit 

Enlargement  of  Winters  Canal  $  9^5,000 

Enlargement  of  Pleasant 

Prairie  Canal  $  400,000 

Construction  of  distribution 
laterals  for  Winters  and 
Pleasant  Prairie  Canals  $1,475,000 

Moore  Unit 

Construction  of  distribution 

laterals  under  Winters  Canal         $  207,000 

If  staging  of  improvement  of  the  distribution  system  were  found  to 
be  desirable,  the  improvements  needed  first  would  be  those  to 
enlarge  and  extend  laterals  serving  the  Winters  area.   These 
features  would  cost  $1,875,000,  Enlargement  of  a  10-mile  length 
of  the  Winters  Canal  could  be  delayed  for  a  later  stage  of  de- 
velopment. 
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It  should  be  noted  that  the  foregoing  cost  estimate  of 
$3,582,000  covers  only  improvement  and  extension  of  the  existing 
distribution  system,  and  does  not  include  the  cost  of  acquisition 
of  the  system  from  the  Clear  Lake  Water  Company.   Since  the 
Wilson  Valley  Project  includes  the  distribution  system  of  that 
company,  it  was  necessary  to  assume  a  cost  of  acquisition  of  the 
system,  for  purposes  of  economic  analysis  and  allocation  of  costs, 
to  be  discussed  and  evaluated  in  a  later  section  of  this  chapter. 
In  this  connection,  determination  of  the  sale  value  of  a  private 
utility  is  a  matter  to  be  settled  by  negotiation  between  the  two 
parties  concerned,  and  is  beyond  the  purview  of  this  department. 
In  order  to  avoid  the  prejudice  of  either  party  to  possible  future 
negotiation,  the  book  value  of  the  distribution  system  of  the 
Clear  Lake  Water  Company,  as  published  in  the  annual  report  of  the 
Public  Utilities  Commission,  was  used  in  the  current  studies  as 
the  assumed  cost  of  acquisition  of  the  system.   The  book  value, 
amounting  to  $1,163,000  as  of  December  31*  1958,  should  not  be 
taken  in  any  manner  as  an  implication  of  the  sales  value  of  the 
system. 

Clear  Lake  Outlet  Channel  Enlargement.   Enlargement  of 
the  Clear  Lake  outlet  channel,  as  a  feature  of  the  Wilson  Valley 
Project,  would  alleviate  flooding  of  the  Clear  Lake  shore  line. 
As  stated  in  Chapter  III,  lake  levels  have  exceeded  the  flood 
stage  of  9.0  feet  on  the  Rumsey  Gage  near  Lakeport  20  times  since 
187^.   In  February,  March,  and  April  of  1958,  the  lake  reached  a 
maximum  elevation  of  10.83  feet,  and  exceeded  9.0  feet  for  a  total 
of  44  days. 
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Enlargement  of  the  Clear  Lake  outlet  channel  has  been 
proposed  in  past  years  by  both  state  and  federal  agencies.   The 
former  Division  of  Water  Resources  recommended  in  its  report, 
"Clear  Lake-Cache  Creek  Flood  Control  Investigation",  dated 
February,  1939*  that  the  channel  be  enlarged  to  a  discharge 
capacity  of  8,500  second-feet.   The  U,  S.  Corps  of  Engineers 
considered  enlargement  of  the  channel  to  a  capacity  of  8,000 
second-feet  in  its  review  report  of  July,  1950,  on  the  Cache 
Creek  Basin, 

The  Clear  Lake  outlet  channel  comprises  the  5-niile  reach 
from  Clear  Lake  near  Clearlake  Highlands  to  the  Clear  Lake 
Impounding  Dam,   The  location  and  features  of  the  outlet  channel 
are  shown  on  Plate  15,  entitled  "Clear  Lake  Outlet  Enlargement", 
In  its  western  portion,  the  outlet  channel  flows  placidly  through 
a  shallow  marsh  area  and  then  enters  the  well-defined  channel  of 
Cache  Creek,   The  channel  passes  over  the  Grigsby  Riffle  just 
upstream  from  Siegler  Creek,  and  then  flows  with  considerably  more 
slope  for  about  three  more  miles  to  the  Clear  Lake  Impounding  Dam, 
The  Grigsby  Riffle  is  an  outcrop  of  hard  material,  chiefly  well- 
cemented  boulders,  with  a  stream  bottom  elevation  of  about  4  feet 
below  zero  on  the  Rumsey  Gage,   This  natural  constriction  in  the 
channel,  rather  than  the  Clear  Lake  Impounding  Dam,  controls  and 
limits  the  outflow  from  Clear  Lake  under  flood  conditions. 

Stream  flow  measurements  show  that  the  discharge  ca- 
pacity of  the  Clear  Lake  outlet  channel  is  about  2,500  second-feet 
with  the  lake  at  an  elevation  of  7.56  feet  on  the  Ffumsey  Gage,  as 
limited  by  the  Grigsby  Riffle,   However,  the  discharge  capacity  of 
the  Clear  Lake  Impounding  Dam  at  the  same  elevation  on  the  Rumsey 
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Gage  has  been  computed  to  be  about  15,000  second-feet  with  all 
gates  open.   The  maximum  discharge  passing  through  the  outlet 
channel  during  the  flood  of  1958,  as  limited  by  the  Grigsby  Riffle, 
was  estimated  to  be  about  5,000  second-feet. 

An  enlarged  Clear  Lake  outlet  channel  with  a  discharge 
capacity  of  8,500  second-feet  at  a  reading  of  7.56  feet  on  the 
Rumsey  Gage  was  selected  during  the  current  investigation  as  the 
most  feasible  Improvement,   This  capacity  would  have  prevented  the 
floods  of  February,  1956  and  February,  1958  from  reaching  damaging 
levels,  and  would  greatly  reduce  damages  from  the  projected  1-  In 
100-year  and  1-  in  1,000-year  floods. 

A  topographic  map  of  the  Clear  Lake  outlet  channel  and 
adjacent  area  was  made  by  the  Department  of  Water  Resources  in 
1958,  utilizing  photogrammetric  methods.   The  features  of  this  map 
were  supplemented  by  an  underwater  survey  using  a  fathometer  to 
determine  the  configuration  of  the  channel  bottom.   The  character 
of  material  to  be  excavated  was  determined  by  field  inspection, 
and  from  information  provided  by  the  Clear  Lake  Water  Company 
regarding  previous  excavations  to  increase  the  outlet  channel  ca- 
pacity.  These  previous  excavation  attempts  were  halted  by  the 
Gopcevlc  and  Bemmerly  Decrees.   It  was  assumed  that  these  re- 
strictions against  deepening  or  widening  the  outlet  channel  would 
be  removed  under  operation  of  the  Wilson  Valley  Project, 

The  proposed  plan  and  profile  of  the  enlarged  Clear  Lake 
outlet  channel,  as  designed  for  cost  estimating  purposes,  is  shown 
on  Plate  15.   This  plate  also  shows  typical  cross  sections  of  the 
enlarged  channel. 
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It  was  estimated  that  the  channel  enlargement  would 
require  excavation  of  about  820,000  cubic  yards  of  channel 
material.   This  would  include  about  240,000  cubic  yards  of  rock 
and  earth  in  the  vicinity  of  the  Grigsby  Riffle  and  the  Narrows, 
and  about  580,000  cubic  yards  of  mud,  silt,  and  earth  in  the 
eastern  and  western  reaches  of  the  channel.   Construction  would 
also  involve  replacement  of  retaining  walls  along  the  Grigsby 
Riffle,  and  lowering  of  the  footings  of  the  Highway  No.  53  bridge. 
It  was  estimated  that  the  capital  cost  of  enlarging  the  Clear  Lake 
outlet  channel  would  be  about  $1,250,000. 

Summary  of  Pro.ject  Costs.   The  overall  capital  cost  of 
the  Wilson  Valley  Project,  as  described  in  the  foregoing  sections 
of  this  chapter,  was  estimated  to  be  $45,010,000.   The  corre- 
sponding annual  cost  of  the  project  was  estimated  to  be  $2,942,000, 
based  upon  a  repayment  period  of  50  years  at  an  interest  rate  of  4 
percent,  and  including  the  annual  costs  of  operation,  maintenance, 
and  replacement.   A  summary  of  the  estimates  of  capital  and  annual 
costs  of  the  several  major  facilities  comprising  the  Wilson  Valley 
Project  is  presented  in  Table  4l.   It  may  be  noted  that  Table  4l 
includes  an  additional  column  showing  the  capital  cost  of  the 
project  including  the  present  worth  of  the  annual  operation  and 
maintenance  costs  over  the  50-year  repayment  period.   This  latter 
value  was  used  in  the  project  cost  allocation,  which  will  be  pre- 
sented in  a  later  section  of  this  chapter. 
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Project  Accomplishments 

The  Wilson  Valley  Project  would:   (l)  Provide  water  for 
Irrigation,  municipal,  and  industrial  purposes,  both  in  the  Clear 
Lake  Basin  and  in  the  Cache  Creek  Service  Area;  (2)  Provide  flood 
control  to  lands  and  improvements  adjacent  to  Clear  Lake  and  along 
Cache  Creek  downstream  from  the  Wilson  Valley  Dam,  and  extend  the 
period  of  use  of  the  Cache  Creek  settling  basin;  and  (3)  Provide 
recreational  enhancement  around  Clear  Lake,  and  new  recreational 
opportunity  at  Wilson  Valley  and  Brooks  Reservoirs  and  along  Cache 
Ceeek  downstream  from  the  Wilson  Valley  Dam.   This  section  describes 
physical  accomplishments  of  the  Wilson  Valley  Project  and  evaluates 
these  accomplishments  in  tenns  of  monetary  benefits. 

Conservation  of  Irrigation  and  Urban  Water,   As 
previously  stated,  the  Wilson  Valley  Project  would  be  operated  in 
such  manner  as  to  make  available  36,000  acre-feet  of  water  per  year 
in  Clear  Lake  for  use  within  the  Clear  Lake  Basin,  which  use  would 
deplete  inflow  to  Wilson  Valley  Reservoir  by  21,000  acre-feet  per 
year.   The  project  yield  to  be  made  available  to  the  Cache  Creek 
Service  Area  was  determined  as  the  difference  between  the  total 
system  yield,  both  surface  and  ground  water,  under  project  opera- 
tion and  the  system  yield  under  present  water  supply  development. 
From  a  detailed  monthly  routing  study  for  the  project  during  the 
45-year  period  from  1913-14  through  1957-58,  it  was  determined  that, 
in  addition  to  the  36,000  acre-feet  of  annual  yield  made  available 
in  Clear  Lake,  a  firm  annual  yield  of  218,000  acre-feet  could  be 
obtained  at  the  downstream  Capay  Diversion  Dam,   This  value  repre- 
sents a  gross  diversion  from  Cache  Creek,  and  Includes  conveyance 
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and  distribution  losses.   An  annual  summary  of  the  detailed 
routing  study  of  the  Wilson  Valley  Project  for  the  45-year  period 
is  included  as  Appendix  C, 

The  estimates  of  yield  of  the  Wilson  Valley  Project  were 
based  upon  operation  of  31^,000  acre-feet  of  storage  in  Clear  Lake, 
between  minimum  and  maximum  elevations  of  zero  feet  and  7.56  feet, 
respectively,  on  the  Rumsey  Gage;  operation  of  Wilson  Valley 
Reservoir,  with  a  gross  storage  capacity  of  1,000,000  acre-feet; 
and  operation  of  6,000  acre-feet  of  storage  in  the  downstream 
Brooks  regulatory  reservoir.   Of  the  storage  capacity  in  Wilson 
Valley  Reservoir,  885,000  acre-feet  would  be  used  for  conserva- 
tion, 65,000  acre-feet  below  the  spillway  lip  would  be  reserved 
for  flood  control  between  December  1  and  April  1,  and  50,000 
acre-feet  of  dead  storage  capacity  would  comprise  a  minimum 
recreational  pool  and  be  available  for  silt  storage.   The  flood 
control  storage  reservation  could  be  filled  for  conservation  after 
April  1  by  closing  the  radial  gate  in  the  spillway  channel 
approach. 

In  addition  to  the  firm  annual  yield  of  218,000  acre- 
feet,  to  be  available  at  the  Capay  Diversion  Dam,  an  annual 
quantity  of  15,000  acre-feet  of  water  would  be  released  from 
Wilson  Valley  Reservoir  to  the  downstream  Cache  Creek  channel  for 
fisheries  enhancement  and  for  maintenance  of  present  ground  water 

replenishment  from  the  creek.   This  downstream  channel  release 
would  comply  with  terms  of  an  agreement  between  Yolo  County  and 
the  State  Department  of  Pish  and  Game  that  a  minimum  flow  of  10 
second-feet  be  maintained  between  the  Wilson  Valley  Project  and 
the  Capay  Diversion  Dam  during  winter  months  when  no  releases  for 
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Irrigation  would  be  necessary.   This  agreement,  which  is  Included 
in  Appendix  A,  was  consummated  by  the  two  agencies  to  establish 
mutually  satisfactory  conditions  in  any  permit  granted  by  the 
State  Water  Rights  Board  to  Yolo  County  for  further  development  of 
Cache  Creek, 

With  regard  to  the  foregoing  agreement,  maintenance  of 
present  ground  water  replenishment  from  the  Cache  Creek  channel 
would  necessitate  sufficient  releases  to  ensure  a  minimum  flow  in 
Cache  Creek  of  50  second-feet  during  winter  months.   The  releases 
would  also  satisfy  the  fisheries  requirement.   In  addition,  such 
a  minimum  flow  would  provide  a  substantial  measure  of  recreation 
enhancement, 

A  typical  schedule  of  monthly  demands  for  releases  from 
the  Wilson  Valley  Project  is  presented  in  Table  42,   It  may  be 
noted  that  the  diversions  shown  in  Table  42  are  designated  for 
Irrigation  purposes  only.   This  situation  would  prevail  during 
early  years  of  project  operation  when  agricultural  uses  would 
absorb  the  entire  surface  supply.   Urban  water  requirements  during 
the  early  years  would  be  met  by  increased  ground  water  draft.   In 
this  connection,  it  is  anticipated  that  irrigation  deliveries  from 
the  project  would  reach  a  peak  in  1975,  and  decline  slightly  there- 
after as  urban  development  encroaches  upon  agricultural  lands. 

Of  the  estimated  firm  annual  yield  of  218,000  acre-feet 
which  would  be  made  available  for  diversion  at  the  Capay  Diversion 
Dam,  about  177jOOO  acre-feet  per  year  would  be  delivered  to  farms. 
Distribution  throughout  the  Cache  Creek  Service  Area  would  be 
accomplished  by  extending  and  enlarging  certain  features  of  the 
existing  distribution  system  of  the  Clear  Lake  Water  Company, 
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The  estimated  difference  between  the  average  annual  farm  delivery 
of  72,000  acre-feet  under  present  water  supply  development  and 
the  annual  farm  delivery  of  177,000  acre-feet  under  operation  of 
the  Wilson  Valley  Project  represents  the  new  surface  water 
delivery  made  available  by  the  project,  and  amounts  to  105,000 
acre-feet  per  year. 

The  Wilson  Valley  Project  would  be  operated  in  con- 
junction with  the  ground  water  storage  capacity  underlying  the 
Cache  Creek  Service  Area  to  fully  utilize  the  water  supplies  made 
available.   This  would  not  involve  a  deliberate  or  planned  use  of 
the  ground  water  storage  capacity;  rather,  it  would  involve  the 
pumping  and  application  of  the  additional  ground  water  supply 
resulting  from  percolation  of  canal  and  distribution  system  losses 
and  of  the  excess  application  of  surface  water  supplies  made 
available  by  the  project.   It  was  estimated  that  percolation  losses 
from  the  mainly  unllned  canals  and  distribution  system  would  be 
about  20  percent  of  the  total  diversions  from  Cache  Creek,   It  was 
further  estimated  that  these  conveyance  and  distribution  losses, 
plus  the  percolation  of  water  from  excess  irrigation  application, 
would  provide  about  30,000  acre-feet  per  year  of  additional  ground 
water  recharge,  which  would  be  equivalent  to  43,000  acre-feet  per 
year  on  the  basis  of  gross  application,  or  farm  delivery.   In  other 
words,  a  net  annual  ground  water  supply  of  30,000  acre-feet  would 
support  a  gross  pumping  draft  of  43,000  acre-feet,  under  an  irri- 
gation efficiency  of  70  percent.   The  remaining  13,000  acre-feet, 
representing  excess  of  applied  surface  water,  would  return  to 
ground  water. 
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It  should  again  be  emphasized  that  yield  of  the  Wilson 
Valley  Project  was  determined  as  the  difference  between  the  total 
availability  of  water  in  the  Cache  Creek  Service  Area  with  the 
project  in  operation  and  the  total  availability  in  the  service 
area  under  present  development.   It  may  be  recalled  that  the  safe 
yield  of  presently  developed  water  supplies  in  the  service  area 
amounts  to  232,000  acre-feet  per  year,  and  that  the  Wilson  Valley 
Project  would  increase  this  value  to  380,000  acre-feet  per  year, 
an  increase  in  yield,  or  project  new  yield,  of  148,000  acre-feet 
per  year.   The  derivation  of  project  benefits  for  irrigation  and 
urban  water  supplies,  presented  herein,  is  based  upon  the 
differences  between  project  and  nonproject  conditions,  rather  than 
upon  only  the  new  yield  to  be  made  available  by  the  project. 

Projections  by  decades  of  land  use  and  water  requirements 
in  the  Cache  Creek  Service  Area  with  the  Wilson  Valley  Project  in 
operation  are  presented  in  Table  43,   Table  43  shows  acreages  and 
corresponding  water  requirements  for  each  of  the  major  irrigated 
crops  for  both  the  major  and  minor  irrigation  seasons,  and  for 
urban  development.   The  table  also  indicates  the  forecast  gradual 
decline  in  acreage  of  irrigated  lands  each  decade,  which  decline 
is  slightly  more  than  offset  by  an  increase  in  area  of  urban  de- 
velopment which  would  encroach  upon  agricultural  lands. 

The  estimated  average  annual  agricultural  returns  to 
land  and  water  in  the  Cache  Creek  Service  Area  with  the  Wilson 
Valley  Project  in  operation  are  set  forth,  by  decades,  in 
Table  44,   The  returns  under  present  water  supply  development, 
shown  in  Table  34,  were  subtracted  from  the  total  returns  to 
obtain  the  agricultural  benefits  creditable  to  the  Wilson  Valley 
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Project,   Estimates  of  urban  benefits  creditable  to  the  Wilson  Val- 
ley Project  are  shown  in  Table  ^5,   These  benefits  were  similarly 
computed  by  subtracting  urban  benefits  under  present  water  supply 
development,  presented  in  Table  3b^  from  total  urban  benefits  with 
the  project  in  operation,  as  shown  in  Table  45, 
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Flood   Control,      As   previously    stated,    the   Wilson   Valley 
Project   v;ould   be   operated   to   provide    flood  protection   to   lands 
and   improvements   adjacent   to   Clear   Lake   and   bordering   lower  Cache 
Creek.      Flood   control   adjacent   to   Clear   I^ake  would  be   realized   by 
enlarging   the   Clear  Lake   outlet   channel    from   the   present   capacity 
of   2,500   second-feet  with  a    lake   stage   of  7.56   feet   on   the    Kumsey 
Gage,    to   8,500   second-feet  at   the   same   stage.      Enlargement   of 
this   channel   and  modification  of   the  operation  of   Clear  lake   to 
provide   the   desired   flood  protection  would  necessitate   modifica- 
tion of   the  Bemmerly  and   Gopcevic   Decrees,      However,    the    improved 
water  supply   conditions   created   by   the   Wilson  Valley   Project 
should  warrant   the   required  modification  of   those   decrees. 

During   the   floods   of  February,    1956  and  February,    1958, 
Clear  Lake   reached   stages  of  9.6  and   10,9   feet,    respectively,' 
measured  at   the    Rumsey   Gage,      The  maximum  capacity  of   the   outlet 
channel   at   those  high    stages   was  about   5,000   second-feet.      Routing 
studies   of    those    floods   with   the   enlarged  outlet   channel    indicated 
that   the   maximum  lake   stage   during   the   flood   of  February,    1956 
would  have   been  7.0   feet   on  the    Rumsey   Gage,    and   that   during   the 
flood  of   February,    1958   it   would  have   been  8.0   feet.      The   maximum 
discharge   from  Clear   Lake   at   these   stages   would  have   been  about 
9,000   second-feet,      A   series   of   flood  hydrographs   showing   stages 
of  Clear  Lake   for   the   1956  and   the   1958   floods,    as  well  as   for 
predicted  greater  floods,    both   with   and  without   the   enlarged  out- 
let  channel,    is   depicted  on  Plate   I6,    entitled    "Wilson  Valley 
Project,    Flood  Control   Operation". 

VJllson  Valley   Reservoir  would   be   operated   to  maintain 
a    flood   storage   reservation  of  65,000  acre-feet   during   the   period 
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from  November  1  to  April  1,  in  order  to  regulate  the  increased 
releases  from  Clear  Lake  and  the  flood  flows  of  the  North  Fork  of 
Cache  Creek,   TTiis  storage  would  be  controlled  by  a  radial  gate 
mounted  in  the  spillway.   During  higher  reservoir  stages,  the 
radial  gate  would  be  kept  open  prior  to  April  1  and  closed  there- 
after, thus  permitting  use  of  the  flood  storage  reservation  space 
for  conservation  after  the  flood  season  had  ended.   From  flood 
routing  studies,  it  was  determined  that  the  floods  of  February, 
1956  and  February,  1958  could  have  been  completely  controlled 
within  the  65,000  acre-foot  flood  control  reservation  space. 
Whereas  peak  discharges  of  these  floods  In  Cache  Creek  at  Capay 
actually  reached  30,000  and  52,000  second-feet,  respectively,  the 
discharges  would  have  been  reduced  to  21,000  second-feet  by 
operation  of  Wilson  Valley  Reservoir,   It  was  indicated  that 
operation  of  the  reservoir  for  flood  control  would  reduce  the  peak 
discharge  of  a  1-  in  100-year  flood  at  Capay  from  about  55,000 
second-feet  to  21,000  second-feet.   Correspondingly,  the  peak 
discharge  of  a  1-  in  1,000-year  flood  flow  at  Capay  would  be 
reduced  from  about  89,000  second-feet  to  26,000  second-feet. 

During  the  1-  in  100-year  flood,  the  surcharge  storage 
in  Wilson  Valley  Reservoir  would  rise  to  4,0  feet  above  the  over- 
pour  spillway  lip,  and  during  the  1-  in  1,000-year  flood,  it  would 
rise  to  6,2  feet  above  the  spillway  lip.   This  degree  of  control, 
which  would  limit  flood  flows  at  Capay  under  most  conditions  to 
21,000  second-feet,  would  reduce  erosion  along  lower  Cache  Creek 
and  would  materially  extend  the  useful  period  of  use  of  the  Cache 
Creek  settling  basin.   Flood  hydrographs  of  Clear  Lake,  Wilson 
Valley  Reservoir,  and  Cache  Creek  at  Capay  under  uncontrolled 
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conditions  and  project  controlled  conditions  are  shown  on  Plate 
17,  entitled  "Water  Levels  of  Clear  Lake  and  Wilson  Valley 
Reservoir" . 

Flood  control  benefits  that  would  accrue  from  operation 
of  Wilson  Valley  Reservoir  were  evaluated  using  standard  frequency 
methods  developed  by  the  Corps  of  Engineers,   These  methods  involve 
the  preparation  of  curves  showing  damage  versus  flood  stage. 
These  data  are  related  to  flood  frequency  data,  in  order  to  esti- 
mate the  average  annual  flood  damages  with  and  without  the  project. 
Data  from  historical  floods  such  as  those  of  February,  1956  and 
February,  1958  were  utilized  in  the  evaluation.   For  the  purposes 
of  estimating  flood  damages,  the  project  area  was  subdivided  as 
follows:   (l)  Reach  No,  1,  Cache  Creek  from  Yolo  Bypass  to  Airport 
Road;  (2)  Reach  No,  2,  Cache  Creek  from  Airport  Road  to  Capay  Dam; 
(3)  Reach  No,  3,  Cache  Creek  from  Capay  Dam  to  Wilson  Valley  Dam 
site;  and  (4)  Reach  No,  4,  lands  adjacent  to  Clear  Lake, 

Flood  control  benefits  were  estimated,  using  current 
(1959)  price  levels.   The  estimates  Included  direct  and  indirect 
benefits,  as  well  as  an  evaluation  of  Improved  land  use  that  would 
result  under  project  conditions.   No  evaluation  was  made  of  the 
secondary  benefits  that  would  accrue  from  operation  of  the  project. 
Direct  benefits  would  be  realized  from  reduction  of  damage  experi- 
enced by  occupants  of  the  flood  plain,  including  such  items  as  loss 
of  crops,  physical  damage  to  buildings,  utilities,  roads,  and 
bridges,  etc.   Indirect  benefits  would  accrue  from  elimination  of 
financial  and  business  losses  sustained  by  the  community  outside 
the  area  of  direct  inundation.   The  estimated  benefits  were  ad- 
Justed  to  reflect  anticipated  future  economic  conditions  that  would 
prevail  during  the  50-year  project  repayment  period, 
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In  evaluating  flood  control  benefits  It  was  necessary 
to  utilize  adjustment  factors  or  assumptions.   In  studies  of 
Reach  No,  1  it  was  assumed,  from  projections  of  population  growth, 
that  the  boundaries  of  Woodland  would  be  contiguous  with  Cache 
Creek  by  2010,   Furthermore,  it  was  assumed  that  urbanization  of 
the  flood  plain  would  be  consistent  with  population  growth,  and 
that  development  would  be  essentially  residential  in  nature. 
Using  these  assumptions,  the  present  worth  of  potential  residential 
damage  was  estimated,  using  a  three  percent  interest  rate.   In 
addition  to  these  benefits  in  Reach  No,  1,  benefits  would  accrue 
from  reduction  of  operation  and  maintenance  of  levees  and  from 
reduction  of  sediment  transported  into  the  Cache  Creek  settling 
basin. 

In  studies  of  Reaches  No,  2  and  No,  3*  It  was  assumed 
that  the  future  economy  would  develop  at  a  substantially  slower 
rate  than  that  of  the  county  as  a  whole.   It  is  believed  that  the 
rate  of  development  in  these  areas  will  approximate  the  rate 
reported  in  the  publication  of  the  Corps  of  Engineers,  "Review 
Report  on  Cache  Creek  Basin",  July,  1950, 

In  the  studies  of  Reach  No,  4,  the  projected  future 
economic  development  of  lands  and  improvements  adjacent  to  Clear 
Lake  was  based  on  county-wide  population  projections.   This  de- 
velopment then  was  evaluated  on  a  present-worth  basis  using  a 
three  percent  interest  rate.   The  amount  so  derived  became  the 
basis  of  the  future  damage  factor.   The  use  of  county-wide  growth 
rates  was  considered  to  be  a  conservative  approach,  in  that  it  is 
believed  the  economic  growth  adjacent  to  Clear  Lake  reasonably  can 
be  expected  to  increase  at  a  more  rapid  rate  than  Lake  County  as 
a  whole. 
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Tn  studjes  of  the  Cache  Creek  settling  basin,  pre- 
project  sediment  deposition  rates  were  determined  from  recent 
surveys  of  historical  quantities  of  sediment  deposited  in  the 
basin.   It  was  estimated  that  under  project  operation,  sediment 
inflow  would  be  reduced  about  60  percent  because  of  reduction  of 
peak  flows  into  the  basin.   Based  on  the  estimated  rates  of 
deposition  with  and  without  the  Wilson  Valley  Project,  the  re- 
maining life  of  the  basin  was  determined,  and  the  cost  of  a  second 
basin  that  would  serve  as  a  replacement  to  the  existing  basin  was 
estimated.   The  annual  benefit  attributable  to  the  project  by 
reduction  of  sediment  transport  into  the  settling  basin  was 
measured  as  the  difference  in  present  worth  of  the  costs  of  the 
replacement  basin  for  the  project  and  nonproject  life  periods. 

To  determine  the  reduction  in  levee  operation  and  mainten- 
ance costs  in  Reach  No,  1  that  would  be  realized  under  project 
operation,  a  damage-discharge  curve  similar  to  the  curve  for 
evaluating  direct  damages  was  developed.   The  reduction  in  costs 
would  be  realized  from  reduction  in  fighting  major  floods  and- 
in  repairing  flood  damage.   No  adjustment  was  made  for  indirect 
damages,  or  for  the  effect  of  changes  in  future  economic  conditions. 

It  was  estimated  that  the  total  average  annual  equivalent 
flood  control  benefits  creditable  to  the  Wilson  Valley  Project  would 
be  about  $526,000,  of  which  $345,000  would  accrue  to  the  Clear  Lake 
area  and  $l80,000  to  the  lower  reaches  of  Cache  Creek,   These 
estimates  are  shown  by  major  reaches  in  Table  46, 
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TABLE   46 

ESTIMATED   AVERAGE   FLOOD   CONTROL  BENEFITS 
ATTRIBUTABLE    TO   WILSON   VALLEY    PROJECT 


:Annual   equivalent 
Reach  :  benefit 


No.    1      (Airport   Road    to   Yolo   Bypass)  $   97,800 

No.    2      (Capay   Dam   to   Airport   Road)  28,700 

No.    3      (Wilson  Valley   Dam   to   Capay   Dam)  13,^00 

No.    4      (Lands   Adjacent   to   Clear   lake)  3^5,000 

Cache   Creek   settling  basin  27,300 

Lower  Cache   Creek   levee   maintenance  13>800 

Total  $526,000 

Recreation  Benefits.      Recreational   benefits    that   would 
accrue   to   the  Wilson  Valley   Project  were  measured  by   comparing 
the   estimated   future   recreational  activity   in   the   Clear  Lake-Cache 
Creek  Basin  with  and  without   the   project.      For  purposes   of   this 
investigation,    recreational   benefits  were   limited   to  water-associ- 
ated  recreational   activity.      Such  benefits   were   determined  on   the 
basis   of   projected  growth  and  distribution  of  population;    improved 
mobility  because   of  better  transportation   facilities;    location  of 
areas   of   the   State    from  which   visitors   would   come;    increased 
leisure   time   and  psychological   need   for  outdoor   recreation;    existing 
recreational   opportunities   and   facilities   in  the   area;    possible 
development  of   new  types   of  outdoor  recreational   activity,    and 
relative   attractiveness   of   the   area    in   relation   to   rival   or 
competing  areas. 

Results  of   the   studies  of   increased   recreational  use 
were   expressed  as   annual   visitor-days.      To   determine    the   number  of 
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visitor-days  of  use  of  the  proposed  Wilson  Valley  Reservoir  and  of 
Clear  Lake,  the  department  contracted  for  recreational  studies  in 
1958  with  the  firm  of  Wilsey  and  Ham,  Engineers  and  Planners, 
Millbrae,  California.   The  results  of  those  studies  were  presented 
to  the  department  in  a  publication  entitled  "Cache  Creek  Basin 
Recreation  Study",  November,  1958,   This  study  provided  the  basis 
for  evaluation  of  recreational  benefits  that  would  accrue  as  a 
result  of  project  operation. 

The  monetary  value  of  recreational  benefits  was  based 
on  the  consumer  surplus  theory.   Under  this  theory  the  net  value 
of  recreational  enjoyment  to  the  recreationist  was  evaluated  on 
the  basis  of  cost  of  travel  to  and  from  the  recreational  area. 
Other  expenditures  in  the  pursuit  of  recreation  enjoyment  were 
considered  to  represent  normal  costs  of  daily  living  under  any 
circumstances,  or  to  represent  prices  paid  for  goods  and  services 
which  have  established  market  values.   From  the  foregoing  con- 
siderations a  value  of  $1,80  was  assigned  as  the  monetary  benefit 
of  a  recreation  visitor-day. 

Operation  of  the  Wilson  Valley  Project  would  enhance 
recreation  around  Clear  Lake  by  providing  greater  stabilization 
of  the  lake  levels.   The  effect  of  project  operation  on  Clear  Lake 
levels  may  be  seen  by  reference  to  Plate  17,  During  most  years 
there  would  be  no  draft  upon  Clear  Lake  for  downstream  irrigation 
use,  thus  eliminating  the  low  water  stages  presently  experienced 
during  late  summer  months. 

Recreational  use  of  Wilson  Valley  and  Brooks  Reservoirs 
would  be  improved  by  installation  of  onshore  recreational  fa- 
cilities and  access  roads.   Moreover,  the  planned  releases  of  water 
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from  Wilson  Valley  Reservoir  to  maintain  a  minimum  flow  of  50 
second-feet  in  the  channel  of  Cache  Clr'eek  would  provide  a  further 
recreation  attraction.   Onshore  recreation  facilities  required 
for  development  of  the  recreational  potential  at  Wilson  Valley 
Reservoir  are  shown  in  Plate  l8,  entitled  "Proposed  Recreation 
Facilities  at  Wilson  Valley  Reservoir". 

It  was  forecast  that  maximum  recreational  use  of  the 
Wilson  Valley  Project  would  accrue  within  15  years  after  con- 
struction of  the  project.   The  estimated  maximum  (1980)  annual 
visitor-days  of  recreation  use  creditable  to  the  project,  based 
on  development  of  Wilson  Valley  and  Brooks  Reservoirs,  stabiliza- 
tion of  the  water  level  of  Clear  Lake,  and  improved  stream  flow 
of  Cache  Creek  from  Wilson  Valley  Dam  to  Brooks  Reservoir,  are 
presented  in  the  following  tabulation; 

Visitor-days 
Wilson  Valley  Reservoir  763,000 

Clear  Lake  500,000 

Cache  Creek  100,000 

Brooks  Reservoir  80,Q00 

Total  1,443,000 

The  estimates  of  resultant  recreational  benefits  are 
presented  by  decades  in  Table  47.   It  may  be  noted  that  the  annual 
visitor-days  shown  in  Table  47  decrease  during  the  latter  decades. 
This  is  because  the  project  is  credited  only  with  net  visitor-days 
of  use,  or  the  difference  in  use  between  project  and  nonproject 
conditions. 
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TABLE  47 

ESTIMATED  AVERAGE  ANNUAL  RECREATION  BENEFITS 
CREDITABLE  TO  WILSON  VALLEY  PROJECT 


Decade 

:A 

verage  annual 
visitor-days 
creditable 
to  Dro.iect 

Average  bene 
per  visltor- 

;flt 
-day 

Average  annual 
benefit,  in  decade 

1965-74 

754,000 

$1.80 

$  1,357,200 

1975-84 

1,393,000 

1.80 

2,507,400 

1985-94 

1,438,000 

1.80 

2,588,400 

1995-04 

1,432,000 

1.80 

2,577,600 

2005-14 

1,426,000 

1.80 

2,566,800 

Total,  for 
50  years 

$11,597,400 

Summa 

r'y 

of  Pro.lect  Accom 

pllshments. 

Accomplishments  of 

the  Wilson  Valley  Project,  expressed  as  benefits  accruing  to 
project  operation  for  irrigation,  urban  water  supply,  recrea- 
tional, and  flood  control  purposes,  would  aggregate  some 
$350,000,000  over  the  50-year  repayment  period.   Estimates  of 
these  benefits  are  set  forth  in  Table  48  for  each  of  the  four 
project  purposes,  by  decades  from  I965  through  20l4.   It  may  be 
noted  in  Table  48  that  a  subtraction  was  made  from  gross  irri- 
gation benefits  to  obtain  net  benefits.   This  subtraction  repre- 
sented the  cost  of  pumping  the  43,000  acre-feet  of  increased 
ground  water  supplies  which  would  be  made  available  by  the  Wilson 
Valley  Project.  Based  upon  estimates  furnished  by  the  Yolo  County 
Farm  Advisor,  a  pumping  cost  of  $4  per  acre-foot  was  assigned  for 
recovery  of  this  water. 
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In  this  connection.  It  should  be  pointed  out  that  total 
project  benefits  over  the  50-year  project  repayment  period  could 
not  be  used  as  a  direct  monetary  measure  of  project  accomplish- 
ments.  Rather,  this  evaluation  had  to  be  based  on  comparison  of 
benefits  with  project  costs  on  a  common-time  basis.   Since  project 
capital  investment  would  be  fully  committed  by  1965^  the  assumed 
year  of  initial  operation,  it  was  necessary  to  derive  the  equiva- 
lent 1965  value  of  benefits  accruing  over  the  50-year  repayment 
period.   This  involved  adjustment  of  the  actual  benefits  for  each 
decade  by  multiplication  by  the  appropriate  "present  worth"  factor 
for  the  particular  decade,  as  shown  in  Table  48, 

The  estimated  present  worth  (1965)  of  project  benefits 
over  the  50-year  period  from  1965  through  20l4  is  shown  in 
Table  48  to  be  $144,300,000.   That  table  also  shows  the  estimated 
average  annual  equivalent  benefits  for  each  of  the  project  purposes, 
which  values  were  computed  from  the  total  benefits  over  the  50-year 
period. 

Economic  Justification 

It  is  recognized  that  the  development  of  water  resources 
creates  esthetic,  social,  and  other  intangible  benefits,  as  well 
as  economic  benefits.   However,  the  intangible  benefits  are  not 
susceptible  of  measurement  in  monetary  terms,  and  only  the  economic 
benefits  are  used  in  evaluating  project  accomplishments.   Economic 
benefits  are  compared  with  project  costs  to  measure  economic  justi- 
fication.  The  degree  of  economic  justification,  commonly  expressed 
as  the  "benefit-cost  ratio",  is  defined  as  the  ratio  of  project  net 
benefits  to  project  costs. 
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Overall  net  benefits  of  the  Wilson  Valley  Project,  as 

presented  In  Table  48,  and  project  costs,  as  shown  in  Table  4l, 

are  recapitulated  in  the  following  tabulation.   These  values 

provide  the  basis  for  computation  of  the  benefit-cost  ratio, 

which  also  is  shown  in  the  tabulation. 

Project  net  benefits 

(1965  present  value)        $144,267,000 

Project  costs  (including 
present  worth  (1965)  of 
annual  operation,  mainte- 
nance, and  replacement)     $  61,864,000 

Benefit-cost  ratio  2.33  to  1 

A  project  may  be  considered  to  be  economically  Justified 
if  the  benefit-cost  ratio  is  greater  than  unity.   However,  it  is 
prudent  practice  that  a  project  have  a  benefit-cost  ratio  sub- 
stantially in  excess  of  unity  before  the  economic  Justification 
is  sufficient  to  warrant  its  construction.   It  is  evident  that 
the  Wilson  Valley  Project,  with  a  benefit-cost  ratio  of  2.33  to  1, 
is  economically  Justified  by  a  margin  warranting  construction,- 

As  stated  earlier  in  this  chapter,  the  Wilson  Valley 
Project  was  formulated  on  the  basis  of  net  benefits  created.   The 
project  described  herein,  which  includes -1,000,000  acre-feet  of 
storage  in  Wilson  Valley  Reservoir,  was  selected  as  the  size  which 
would  provide  the  maximum  net  benefits  to  the  Clear  Lake-Cache 
Creek  Basin,   While  the  benefit-cost  ratio  of  a  slightly  smaller 
reservoir  would  be  slightly  greater  than  2.33  to  1,  the  net  bene- 
fits would  not  be  as  large.   The  reduction  in  net  benefits  from 
a  smaller  project  would  result  from  a  decrease  in  new  yield  of 
water  for  irrigation  and  urban  purposes.   Moreover,  a  substantial 
decrease  in  supplemental  irrigation  and  urban  water  supplies  by 
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construction  of  a  smaller  Wilson  Valley  Project  would  necessitate 
the  development  of  an  additional  source  of  water  for  the  Cache 
Creek  Service  Area  in  the  relatively  near  future. 

Allocation  of  Project  Costs 

Cost  allocation  is  the  process  of  apportioning  costs  of 
a  multipurpose  project  equitably  among  the  various  purposes  served 
by  the  project.   This  is  an  essential  step  in  the  economln  evalua- 
tion, in  that  it  provides  a  basis  for  determination  of  repayment 
by  project  beneficiaries  for  the  various  project  services.   The 
allocation  embraces  all  project  costs,  including  those  for  con- 
struction, operation,  maintenance,  and  replacement.   The  concept 
of  cost  allocation  is  founded  on  the  basic  premise  that  the  total 
cost  of  combining  several  purposes  in  a  comprehensive  multipurpose 
project  Is  substantially  less  than  the  sum  of  the  costs  of  separate 
projects  provided  for  each  purpose,  and  that  the  savings  derived 
through  use  of  multipurpose  structures  should  be  shared  by  all 
purposes. 

While  there  are  several  methods  available  for  allocating 
costs  of  a  multipurpose  project,  the  "separable  costs-remaining 
benefits"  method  is  generally  considered  to  be  superior  to  other 
methods  with  respect  to  projects  such  as  the  Wilson  Valley  Project. 
Consequently  this  method,  which  has  been  recommended  by  the  Federal 
Interagency  Committee  on  V/ater  Resources  for  general  use  in 
allocating  costs  of  federal  multipurpose  river  basin  projects, 
was  adopted  for  the  Clear  Lake-Cache  Creek  Basin  Investigation. 
Briefly,  the  separable  costs-remaining  benefits  method  involves 
determination  of  the  separable  costs  of  each  project  purpose,  or 
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the  added  cost  of  including  the  purpose  in  the  project;  evaluation 
of  the  benefits  accruing  to  each  purpose,  such  benefits  being 
limited  by  alternative  costs;  and,  by  subtracting  the  separable 
cost  from  the  benefits  for  each  purpose,  the  assignment  to  each 
purpose  of  a  share  of  the  residual  or  remaining  joint  costs  in 
proportion  to  the  remaining  benefits.   The  procedure  in  allocation 
of  costs  by  this  method  consists  of  the  following  steps, 

1,  Evaluation  of  the  net  benefits  accruing  to 
each  project  purpose,  represented  as  gross  benefits 
less  associated  costs, 

2,  Determination  of  the  alternative  cost  of  a 
single-purpose  project  which  would  provide  equiva- 
lent benefits  for  each  purpose.   The  method  of  such 
determination  and  the  resultant  cost  of  an  alternative 
for  each  purpose  is  shown  in  Table  49, 

3,  Assignment  as  benefits  for  each  purpose  the 
lesser  value  of  the  benefits  from  step  1  and  the 
alternative  single-purpose  cost  from  step  2, 

4,  Determination  of  the  difference  between  the 
total  cost  of  the  multipurpose  project  and  the  cost 
of  the  project  with  the  purpose  omitted.   This  is 
designated  the  "separable"  cost.   The  method  of  such 
determination  and  the  resultant  separable  cost  for 
each  purpose  is  set  forth  in  Table  50, 

5,  Derivation  of  the  remaining  benefits  by 
subtraction  of  the  separable  cost,  from  step  4, 
from  the  benefits  limited  by  alternative  cost,  from 
step  3« 
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6,  Determination  of  the  total  allocated  residual 
cost  by  subtraction  of  the  total  of  the  separable  costs 
for  all  purposes  from  the  total  project  cost,  and  the 
proportioning  of  the  allocated  residual  cost  for  each 
purpose  in  accordance  with  the  distribution  of  the 
remaining  benefits,  as  determined  from  step  5. 

7,  Determination  of  the  total  allocated  cost  for 
each  purpose  as  the  sum  of  the  separable  cost  (step  4) 
and  the  allocated  residual  (step  6).   It  may  be  noted 
that  the  total  allocated  cost  ($61,864,000)  is  taken 
directly  from  Table  4l,  and  represents  the  total  capital 
cost  of  the  Wilson  Valley  Project,  plus  the  present 
worth  of  operation,  maintenance,  and  replacement  costs 
over  the  50-year  repayment  period, 

8,  Subtraction  from  the  total  allocated  cost  to 
each  purpose  the  present  worth  of  annual  operation, 
maintenance,  and  replacement  for  each  purpose  (detailed 
in  Table  41 )  to  obtain  the  total  capital  cost  to  be 
allocated  to  each  purpose,  shown  as  item  9  in  Table  51. 

Allocation  of  costs  of  the  Wilson  Valley  Project  in 
accordance  with  the  eight  steps  outlined  is  set  forth  in  Table  51, 
The  derivation  of  the  allocated  costs  in  Table  51  can  be  followed 
by  reference  to  the  foregoing  eight  steps,  which  correspond  to 
the  numbered  items  in  that  table. 
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Financing  and  Repayment  of 
Fro.i'ect  Costs 

The  beneficiaries  of  a  public  multipurpose  project 
generally  embrace  a  broad  sphere  of  interests,  reflecting  all 
levels  of  government.   Certain  long-standing  federal  policies  have 
established  the  Federal  Government--or  the  people  of  the  United 
States--as  participants  for  those  project  services  in  the  national 
interest.   Recently  established  state  policy  has  similarly  de- 
clared the  State  to  be  a  participant  in  local  as  well  as  statewide 
projects  for  those  project  services  in  the  interest  of  the  people 
of  California,   Finally,  repayment  of  those  project  services  of 
local  impact  properly  fall  within  the  responsibility  of  local 
government. 

The  costs  allocated  to  each  of  the  several  purposes  of 
the  Wilson  Valley  Project,  as  set  forth  in  Table  51,  constituted 
the  basis  for  determination  of  repayment  by  the  project  bene- 
ficiaries.  Cost  allocation  among  project  purposes  was  followed 
by  Identification  of  the  beneficiaries,  and  the  assignment  of  costs 
to  those  beneficiaries  in  proportion  to  the  benefits  received. 

Having  Identified  the  various  project  beneficiaries  of 
the  Wilson  Valley  Project,  and  determined  the  financial  extent 
to  which  each  should  participate  In  the  total  project  costs,  the 
final  step  concerned  the  evaluation  of  financial  feasibility,  or 
the  ability  and  willingness  of  the  beneficiaries  to  repay  their 
allocated  costs.   This  section  discusses  the  factors  influencing 
the  allocation  of  project  costs  to  the  various  benef Iciares,  sets 
forth  the  assumptions  upon  which  such  allocation  was  made,  and 
evaluates  the  cost  of  project  water  to  the  local  agency  under  the 
adopted  assumptions, 
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Identification  of  Pro.ject  Beneficiaries.   Federal  policy 
declares  that  flood  control  Is  In  the  national  Interest  and  that 
the  Federal  Government,  acting  through  the  agency  of  the  Corps  of 
Engineers,  will  contribute  on  a  nonreimbursable  basis  the  costs 
of  a  project  which  are  properly  allocable  to  flood  control.   The 
amount  of  federal  financial  participation  in  the  Wilson  Valley 
Project  in  the  Interest  of  flood  control  would  be  dependent  upon 
results  of  study  by  the  Corps  of  Engineers,  and  upon  congressional 
appropriation  of  the  funds  recommended  by  the  corps.   Based  upon 
the  allocation  shown  in  Table  51,  it  was  assumed  that  the  Federal 
Government  would  participate  as  a  beneficiary  in  the  Wilson  Val- 
ley Project  in  the  interest  of  flood  control  in  an  amount  of 
$5,765,000. 

The  State  of  California,  pursuant  to  the  Davls-Grunsky 
Act  (Section  12880  of  the  Water  Code),  gives  recognition  to 
recreation  and  the  enhancement  of  fish  and  wildlife  as  within  the 
State  Interest,  and  provides  for  nonreimbursable  grants  to  local 
projects  in  which  such  purposes  are  incidental  to  the  primary 
functions  of  the  project.   Under  this  policy  declaration,  the 
State  could  participate  as  a  beneficiary  in  the  Wilson  Valley 
Project  in  the  interest  of  enhancement  of  recreation,  and  could 
contribute  a  grant  representing  this  State  Interest,  as  dis- 
cussed in  the  next  paragraph. 

The  cost  of  the  Wilson  Valley  Project  allocated  to 
recreation  is  shown  in  Table  51  to  be  $10,016,000.   However,  the 
Davls-Grunsky  Act  limits  recreation  grants  to  the  portion  of 
project  construction  costs  properly  allocated  to  enhancement  of 
recreation,  and  excludes  the  cost  of  onshore  recreation  facilities, 
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The  cost  of  onshore  recreation  facilities,  which  must  be  financed 
from  local  or  other  sources,  is  shown  in  Table  4l  to  be  $2,680,000, 
Therefore,  the  State,  in  the  interest  of  recreation,  could  grant 
the  difference  between  the  allocation  shown  in  Table  51  and  the 
cost  of  onshore  recreation  facilities,  or  $7*336,000. 

Construction  of  Wilson  Valley  Dam  and  Reservoir  would 
require  relocation  of  State  Highway  20,  which  traverses  the  valley 
floor  in  the  upper  reaches  of  the  reservoir  area.   The  State 
Division  of  Highways  has  indicated  its  intention  to  improve 
Highway  20  to  expressway  standards  within  the  next  few  years. 
Relocation  of  the  highway  to  existing  standards  properly  would  be 
a  responsibility  of  the  Wilson  Valley  Project,   However,  betterment 
of  the  relocated  road  to  expressway  standards  should  be  a  responsi- 
bility of  the  State  of  California,  through  the  California  Highway 
Commission.   The  State  Division  of  Highways  has  determined  the 
cost  of  betterment  of  the  relocated  road  to  expressway  standards 
to  be  $1,735*000,  and  has  indicated  that  this  added  cost  would  be 
contributed  on  a  nonreimbursable  basis. 

Local  public  agencies  in  Yolo  and  Lake  Counties  would 
derive  the  entire  benefits  from  use  of  the  irrigation,  municipal, 
and  industrial  water  supplies  from  the  Wilson  Valley  Project, 
Therefore,  those  agencies  should  properly  bear  the  project  costs 
allocated  to  those  purposes,  which  costs  are  shown  in  Table  51  to 
be  $25,300,000  and  $4,000,000,  respectively.   In  addition,  the 
local  agencies  would  be  expected  to  repay  all  other  project  costs 
not  allocated  to  either  the  Federal  oi-  State  Governments, 

The  Yolo  County  Flood  Control  and  Conservation  District 
has  expressed  interest  in  the  Wilson  Valley  Project,  and  has 
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indicated  willingness  to  finance  the  project  with  local  funds  to 
the  full  practicable  limit  of  local  financing  capability.   Lands 
and  improvements  within  the  district  have  a  total  assessed  valua- 
tion of  about  $90,000,000.   Considering  existing  overlapping 
indebtedness,  it  was  estimated  that  a  realistic  bonding  capacity 
of  the  district  for  general  obligation  bonds  in  support  of  the 
project,  at  a  reasonable  interest  rate,  would  be  about  $20,000,000. 
Financial  participation  in  the  project  by  Lake  County  would  add  to 
this  figure. 

Possible  Sources  of  Financial  Assistance.   In  addition 
to  the  possible  sources  of  nonreimbursable  contributions  mentioned 
in  the  foregoing  paragraphs,  funds  for  water  development  projects 
can  be  made  available  on  a  loan  basis  from  the  Federal  Government, 
through  the  Bureau  of  Reclamation  of  the  Department  of  the  Interior, 
and  through  the  Soil  Conservation  Service  of  the  Department  of 
Agriculture.   However,  It  appears  that  the  only  governmental 
assistance  program  under  which  the  Wilson  Valley  Project  could 
qualify  would  be  that  authorized  by  the  State  Davis-Grunsky  Act 
(Section  12880  of  the  Water  Code). 

1.   Assistance  by  Federal  Government.   Public  Law  984, 
(84th  Congress)  provides  for  federal  loans  to  small  irrigation 
projects,  upon  approval  of  an  application  to  the  Bureau  of 
Reclamation.   In  order  to  qualify  for  such  a  loan,  the  project 
must  be  primarily  for  irrigation  purposes  and  its  costs  must  not 
exceed  a  total  of  $10  million,  of  which  one-half  or  a  maximum  of 
$5  million  may  be  provided  from  federal  funds.   The  portion  of 
the  loan  attributable  to  the  irrigation  of  lands  held  in  l60  acres 
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or  less  in  a  single  ownership  is  interest  free.  Because  the 
estimated  cost  of  the  Wilson  Valley  Project  is  in  excess  of  $10 
million,  it  would  not  qualify  under  the  Public  Law  984  program. 

Public  Law  566  (83rd  Congress),  amended  by  Public  Law 
1018  (84th  Congress),  authorizes  the  Secretary  of  Agriculture  to 
cooperate  with  state  and  local  public  agencies  in  the  planning 
and  construction  of  works  for  flood  prevention  and  for  agricultural 
phases  of  conservation,  utilization,  and  disposal  of  water.   This 
act  provides  for  a  maximum  loan  of  $5  million,  subject  to 
congressional  approval  based  on  a  finding  by  the  Secretaries  of 
Agriculture,  Interior,  and  Army,   However,  the  act  limits  the 
storage  capacity  of  projects  to  25,000  acre-feet.   The  size  of 
the  Wilson  Valley  Project  (1,000,000  acre-feet)  precludes  as- 
sistance under  this  program. 

Several  other  possible  sources  of  federal  financing  are 
available  for  local  project  assistance.   However,  none  of  these 
applies  in  the  case  of  the  Wilson  Valley  Project.   These  Include 
Public  Law  858  (80th  Congress),  as  amended  by  Public  Law  685 
(84th  Congress),  which  provides  for  allocation  of  a  maximum  of 
$400,000  for  construction  of  small  flood  control  projects  not 
specifically  authorized  by  Congress;  and  Public  Law  345  (84th 
Congress)  which  provides  loan  assistance  for  public  facilities, 
through  the  Housing  and  Home  Finance  Agency. 

2,   State  Financial  Assistance.   The  Legislature,  in 
adopting  the  Davis-Grunsky  Act,  has  declared  a  policy  of  providing 
financial  assistance  to  public  agencies  for  the  construction  of 
water  projects  to  meet  local  needs  in  which  there  is  state  interest. 
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The  Davls-Grunsky  Act  provides  loans  for  projects  primarily  for 
domestic,  municipal,  agricultural,  or  industrial  purposes,  to 
meet  that  portion  of  the  cost  which  is  beyond  the  reasonable  ability 
of  an  agency  to  finance  from  other  sources.   The  Director  of  Water 
Resources  can  make  loans  of  up  to  a  maximum  of  $4  million,  with 
approval  of  the  California  Water  Commission.   Loans  greater  than 
$4  million  may  be  made  by  the  department  only  upon  specific  author- 
ization of  the  Legislature  and  upon  such  terms  and  conditions  as 
the  Legislature  may  prescribe.   The  interest  rate  charged  on  loans 
would  approximate  the  rate  paid  by  the  State  on  its  general  obli- 
gation bonds,  and  under  prevailing  conditions  would  be  expected 
to  be  on  the  order  of  4  percent.   The  repayment  period  would 
normally  be  limited  to  50  years. 

As  has  been  previously  mentioned,  the  Davis-Grunsky  Act 
also  provides  for  nonreimbursable  grants  for  the  Incidental 
recreational  and/or  fish  and  wildlife  enhancement  benefits  of 
local  water  projects.   These  grants  are  limited  to  the  costs  of 
a  dam  and  reservoir  properly  allocated  to  the  recreation  and/or 
fish  and  wildlife  functions.   The  grants  cannot  cover  the  cost 
of  onshore  recreational  facilities  needed  to  accommodate  recrea- 
tional use.   The  Director  of  Water  Resources  can  make  grants  up 
to  $300,000,  with  approval  of  the  California  Water  Commission. 
Grants  greater  than  $300,000  may  be  made  by  the  department  only 
upon  specific  authorization  of  the  Legislature  and  upon  such  terms 
and  conditions  as  the  Legislature  may  prescribe. 

The  Wilson  Valley  Project  appears  to  meet  the  necessary 
qualifications  for  state  financial  assistance  under  the  Davis- 
Grunsky  Act,   However,  the  extent  of  state  financial  assistance 
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could  be  determined  only  after  submission  of  an  application  to 
the  Department  of  Water  Resources  for-  such  assistance,  and.  If 
in  excess  of  the  described  statutory  limitations,  after  action  by 
the  Legislature  upon  the  recommendation  of  the  department. 

Federal  Construction.  Because  of  the  magnitude  of  costs 
of  the  Wilson  Valley  Project,  federal  financial  assistance  to  the 
project  could  be  provided  only  by  specific  congressional  appropri- 
ation.  Should  local  interests  desire  such  assistance.  It  would 
be  appropriate  that  the  responsible  local  agency  request  the 
Bureau  of  Reclamation  to  construct  the  Wilson  Valley  Project,  just 
as  that  agency  constructed  the  Monticello  Project  on  Putah  Creek. 
The  decision  as  to  whether  a  request  for  federal  construction  of 
the  Wilson  Valley  Project  should  be  made  is  properly  one  for  local 
interests  to  make. 

In  reaching  a  decision  regarding  a  request  for  federal 
construction,  the  local  agency  would  have  to  weigh  the  relative 
advantages  and  limitations.   The  cost  of  water  would  be  quite 
favorable,  because  of  the  federal  policy  of  interest  exemption  on 
repayment  for  irrigation  water.   However,  under  federal  con- 
struction of  the  Wilson  Valley  Project,  Reclamation  Law  would 
govern  and  the  acreage  limitation  provisions  would  apply.   More- 
over, there  could  be  a  considerable  lapse  of  time  between  the  time 
of  request  and  the  time  when  federal  funds  would  become  available 
by  congressional  appropriation. 

Repayment  of  Reimbursable  Costs.  Based  upon  the  esti- 
mated cost  of  constructing  the  initial  features  of  the  Wilson 
Valley  Project  and  the  cost  allocation  heretofore  discussed,  it 
appears  that  the  local  construction  agency  would  incur  a  total 
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reimbursable  cost  of  about  $27  million.   While  costs  could  be 
repayed  through  a  tax  levy,  it  was  assumed  that  repayment  would 
be  secured  through  revenues  from  project  services.   Such  revenues 
would  be  derived  principally  from  the  sale  of  irrigation  and  urban 
water  supplies;  however,  nominal  revenues  could  be  realized 
through  recreation  tolls.   For  purposes  of  this  bulletin,  only 
the  revenues  from  irrigation  and  urban  water  sales  were  considered, 
Derivation  of  the  reimbursable  cost  of  the  initial  stage 
of  the  Wilson  Valley  Project  is  set  forth  in  the  following  tabula- 
tion.  The  initial  stage  excludes  Brooks  Dam  and  Reservoir  and 
the  second  phase  of  the  distribution  system,  both  of  which 
features  could  be  deferred  for  some  20  years  and  financed  at  that 
time  by  other  means. 

Estimated  project  costs,  initial  stage 

Wilson  Valley  Dam  and  Reservoir  $3^,515,000 

Clear  Lake  Outlet  Channel  Enlargement  $  1,250,000 

Distribution  System,  first  phase  $  3,039,000 

Onshore  recreation  facilities  $  2,680,000 

Total  $41,484,000 

Estimated  nonreimbursable  contributions 

Flood  Control  (Federal  Government)  $  5,765,000 

Highway  betterment  (State)  California 

Highway  Commission  $  1,735,000 

Recreation  grant    (State,    Davis-Grunsky )  $  7,336,000 

Total  $14,836,000 

Estimated   reimbursable   cost   to   be   borne   by 

local  agency  $26,648,000 
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Assuming  that  the  project  reimbursable  costs  would  be 
repayed  through  the  sales  of  Irrigation  and  urban  water,  and 
proportioning  the  reimbursable  costs  between  those  two  purposes 
in  accordance  with  their  relative  allocation  from  Table  51,  the 
average  cost  of  water  over  the  50-year  repayment  period  would  be 
about  $8  per  acre-foot  for  irrigation  and  $19  per  acre-foot  for 
urban  uses.   The  payment  capacity  for  irrigation  water,  considering 
the  projected  future  crop  pattern  in  the  Cache  Creek  Service  Area, 
was  determined  to  be  about  $12.50  per  acre-foot;  and  the  payment 
capacity  for  urban  water  was  previously  determined  to  be  $3^  per 
acre-foot.   From  comparison  of  these  estimated  values,  it  is 
evident  that  the  payment  capacities  substantially  exceed  the  water 
charges  necessary  to  fully  repay  the  reimbursable  costs  plus 
operation,  maintenance,  and  replacement  costs  over  the  50-year 
repayment  period. 

Under  a  conservative  assumption  that  the  State  would 
not  make  a  grant  to  the  Wilson  Valley  Project  in  the  interest  of 
recreation,  the  reimbursable  project  costs  would  be  about  $31 
million,  assuming  that  the  local  agency  would  eliminate  the  onshore 
recreation  facilities.   The  resultant  unit  costs  of  irrigation  and 
urban  water  supplies  would  be  about  $9  and  $22,  respectively, 
which  costs  would  still  be  v/ell  within  the  respective  estimated 
payment  capacities. 

In  both  of  the  foregoing  cases,  the  local  agency  would 
require  a  substantial  loan,  in  addition  to  the  estimated  $20 
million  local  bonding  capacity,  in  order  to  finance  the  Wilson 
Valley  Project.   Under  the  first  assumption,  a  loan  of  $7  million 
would  be  required,  whereas  under  the  latter  assumption,  a  loan  of 
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$11  million  would  be  required.   Assuming  an  interest  rate  of  4 
percent  for  the  local  general  obligation  bonds  and  for  the 
additional  loan,  the  project  would  be  financially  feasible  both 
with  and  without  a  state  recreation  grant. 

Possible  Alternative  Plans 
for  Water  Development 

This  section  discusses  a  possible  plan  for  increasing 
yield  of  the  Wilson  Valley  Project  by  planned  operation  of  ground 
water  storage  in  the  Cache  Creek  Service  Area;  describes  a  possible 
alternative  to  the  Wilson  Valley  Project  which  would  develop 
supplemental  irrigation  and  urban  water  for  the  Cache  Creek 
Service  Area;  and  presents  an  alternative  proposal  for  operation 
of  Clear  Lake  for  flood  control.  The  first  listed  of  these  plans 
is  not  really  an  alternative,  but,  rather,  is  an  adjunct  to  the 
Wilson  Valley  Project  in  that  it  would  conserve  otherwise  un- 
controlled winter  runoff  by  use  of  underground  storage  capacity 
underlying  the  Cache  Creek  Service  Area. 

Planned  Operation  of  Ground 
Water  Storage 

In  addition  to  yield  that  could  be  developed  by  the 
Wilson  Valley  Project  operated  as  described  in  the  foregoing 
section,  it  would  be  possible  to  secure  additional  yield  by  opera- 
tion of  ground  water  storage  in  conjunction  with  diversion  of 
spills  from  Brooks  Reservoir  during  winter  seasons  of  surplus 
water.   In  effect,  this  plan  would  use  underground  storage  capa- 
city in  the  Cache  Creek  Service  Area  to  conserve  an  increment  of 
runoff  which  would  otherwise  waste  from  the  basin. 
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Planned  operation  of  ground  water  storage  would 
necessitate  two  deliberate  activities:   (l)  Increased  pumping 
from  ground  water  by  overlying  users  In  the  Cache  Creek  Service 
Area,  thus  creating  storage  capacity  for  replenishment;  and  (2) 
Diversion  of  surplus  winter  flows  In  Cache  Creek  for  ground  water 
replenishment  either  by  percolation  In  artificial  spreading 
basins,  percolation  from  canals  and  laterals  which  could  be  kept 
full  during  winter  months,  or,  possibly,  by  winter  Irrigation, 
or  by  combinations  of  all  three  methods. 

While  the  Incremental  yield  which  could  be  developed  by 
planned  operation  of  ground  water  storage  was  not  evaluated  during 
the  current  investigation,  it  may  be  recalled  that  the  annual  firm 
yield  which  could  be  developed  by  the  Wilson  Valley  Project  would 
come  within  15,000  acre-feet  of  meeting  the  ultimate  (2015) 
supplemental  requirement  In  the  Cache  Creek  Service  Area.   Although 
spills  from  Wilson  Valley  Reservoir  would  be  infrequent,  there  is 
substantial  tributary  runoff  below  the  dam,  which  would  be  partially 
regulated  in  Brooks  Reservoir.   The  spills  from  Brooks  Reservoir, 
therefore,  would  definitely  offer  a  possibility  for  development 
of  additional  yield  in  the  manner  Just  described.   This  plan  is 
believed  worthy  of  more  definite  study  after  experience  is  gained 
from  operation  of  the  Wilson  Valley  Project, 

The  plan  for  operation  of  ground  water  storage  in  the 
Cache  Creek  Service  Area  would  Involve  a  relatively  uniform 
increased  draft  from  season  to  season,  with  replenishment  from  a 
widely  varying  supply  of  surplus  surface  water.  As  a  result, 
ground  water  levels  would  be  drawn  down  during  years  lacking 
surplus  surface  water  and  raised  during  years  of  surplus.   It  is 
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probable  that  pumping  lifts  under  such  operation  would  vary 
between  wider  limits  than  those  that  have  occurred  In  the  past, 
especially  toward  the  end  of  a  lengthy  period  of  little  or  no 
surplus  surface  flows.   Therefore,  success  of  the  planned  opera- 
tion of  the  ground  water  basin  would  be  contingent  upon  voluntary 
participation  by  overlying  ground  water  users,  and  upon  direction 
of  the  operation  by  a  basin-wide  or  county-wide  water  service 
agency. 

Alternative  Cache  Creek-Sacramento 
River  Diversion  Project 

A  supplemental  water  supply  for  the  Cache  Creek  Service 
Area  could  be  developed  by  operation  of  storage  on  Cache  Creek  in 
conjunction  with  ground  water  storage  in  the  service  area  and  a 
diversion  from  the  Sacramento  River.  The  Cache  Creek  water  supply 
would  include  the  presently  developed  supply  from  Clear  Lake, 
amounting  to  72,000  acre-feet  per  year  on  a  firm  basis,  and  a  new 
firm  annual  supply  of  about  48,000  acre-feet  from  the  proposed 
Indian  Valley  Reservoir  on  the  North  Fork  of  Cache  Creek.   It  was 
assumed  that  ground  water  would  be  utilized  in  the  amount  of  the 
present  annual  safe  yield  of  l60,000  acre-feet,  plus  an  additional 
annual  amount  of  43,000  acre-feet  which  would  be  made  available 
through  percolation  of  the  additional  surface  supplies  during  the 
process  of  delivery  and  application.  Under  these  conditions, 
importation  of  100,000  acre-feet  of  water  per  year,  including 
canal  losses,  would  be  required  from  the  Sacramento  River. 

The  Cache  Creek-Sacramento  River  Diversion  Project  would 
consist  of  a  dam  and  reservoir  on  the  North  Fork  of  Cache  Creek 
at  the  Indian  Valley  site  about  8  miles  northeast  of  Clearlake 
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Oaks;  a  regulatory  reservoir  at  the  downstream  Brooks  site,  as 
proposed  under  the  Wilson  Valley  Project;  acquisition  and 
extension  of  the  distribution  system  of  the  Clear  Lake  Water 
Company,  essentially  as  proposed  under  the  Wilson  Valley  Project; 
and  an  Import  system  comprising  a  diversion  from  the  Sacramento 
River  at  the  town  of  Knights  Landing,  and  conveyance  works  leading 
southward  to  the  Moore  Canal  west  of  Woodland,   The  location  of 
these  facilities  is  shown  on  Plate  12, 

Water  released  from  Clear  Lake  and  from  Indian  Valley 
Reservoir,  as  well  as  available  unregulated  flow  from  downstream 
tributaries,  would  serve  the  Cache  Creek  Service  Area  through  the 
diversion  and  distribution  system  presently  operated  by  the  Clear 
Lake  Water  Company.   Supplemental  water  would  be  delivered  to 
lands  in  the  Capay  Valley  and  Hungry  Hollow  Units,  and  to  lands 
in  the  Winters  Unit,  lying  generally  above  an  elevation  of  110 
feet.  Water  diverted  from  the  Sacramento  River  would  supply  the 
Moore  Unit  and  lands  in  the  western  portion  of  the  Winters  Unit 
lying  generally  below  an  elevation  of  110  feet.   Releases  of  the 
imported  water  to  the  Moore  Canal  system  would  replace  most  of 
the  present  diversion  from  Cache  Creek,   The  conveyance  system  for 
the  Sacramento  River  Diversion  would  deliver  the  water  southward 
across  the  Winters  Unit,  from  a  point  about  midway  between 
Woodland  and  Madison,  to  one  about  midway  between  Davis  and 
Winters, 

Indian  Valley  Dam  and  Reservoir,   Indian  Valley  Reser- 
voir, as  shown  on  Plate  12,  would  be  created  by  a  dam  on  the 
North  Fork  of  Cache  Creek  in  Section  9,  Township  l4  North,  Range  6 
West,   This  location,  at  the  downstream  end  of  Indian  Valley,  is 
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about  8  miles  northeast  of  Clearlake  Oaks,   Because  of  the  con- 
stricted canyon  at  the  dam  site  and  the  flat  valley  area  Immediately 
upstream,  a  reservoir  at  this  site  has  been  proposed  many  times 
in  the  past.   Plans  presented  in  this  bulletin  were  based  upon 
studies  made  during  formulation  of  The  California  Water  Plan. 
However,  cost  estimates  were  revised  to  reflect  i960  price  levels. 

Indian  Valley  Reservoir  would  have  a  gross  storage  capa- 
city of  200,000  acre-feet  and  a  surface  area  of  3,400  acres  at  the 
spillway  lip  elevation  of  1,^57  feet,  U,  S.  Geological  Survey 
datum.   The  reservoir  would  regulate  runoff  of  the  North  Pork  of 
Cache  Creek  to  provide  a  firm  seasonal  yield  of  48,000  acre-feet. 
Water  would  be  released  into  Cache  Creek  to  be  diverted  at  the 
Capay  Diversion  Dam, 

Topographic  maps  of  the  Indian  Valley  Dam  site  and  reser- 
voir area  were  prepared  in  19^6  by  the  U.  S.  Bureau  of  Reclama- 
tion, using  photogrammetric  methods.   The  dam  site  was  mapped  at 
a  scale  of  1  inch  equals  50  feet,  with  a  contour  interval  of  5 
feet,  and  the  reservoir  area  was  mapped  at  a  scale  of  1  inch 
equals  400  feet,  with  a  contour  interval  of  10  feet.   Storage 
capacities  and  corresponding  surface  areas  of  Indian  Valley  Reser- 
voir at  various  stages  of  water  surface  elevation  are  shown  in 
Table  52. 


-237- 


TABLE  52 


AREAS  AND  CAPACITIES  OP  INDIAN 
VALLEY  RESERVOIR 


Water  surface 
elevation.  In  feet 
USGS  datum 


Area,  In  acres 


Storage  capacity. 
In  acre-feet 


1,290 
1,320 
1,340 
1,360 
1,380 
1,400 
1,420 
1,440 
1,460 
1,480 


0 

120 
420 
680 
1,000 
1,450 
2,180 
2,820 
3,400 
3,850 


0 

2,000 
7,000 
17,500 
35,000 
59,000 
95,000 
146,000 

207,000 
280,000 


Preliminary  engineering  geologic  investigation  by  the 
department  shows  the  Indian  Valley  Dam  site  to  be  geologically 
suitable  for  construction  of  either  an  earthfill  or  a  concrete- 
gravity  dam  up  to  200  feet  in  height.  Bedrock  at  the  dam  site 
consists  for  the  most  part  of  meta-sedimentary  rocks  such  as 
graywacke,  sandstone,  schist,  and  slate  shale;  but  meta-volcanic 
rocks,  serpentine,  and  quartz  were  also  noted.   The  bedrock,  where 
freshly  exposed  near  the  base  of  the  abutments,  does  not  appear 
to  be  badly  fractured.   While  beds  higher  on  the  abutments  appear 
fractured,  drill  cores  from  the  left  abutment  show  that  such 
fractures,  having  occurred  from  weathering,  have  not  penetrated 
to  any  great  depth.   However,  high  on  the  right  abutment  there 
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appears  to  be  a  considerable,  although  undetermined,  depth  of 
slide-accumulated  overburden,  which  would  require  removal. 

The  channel  section  is  quite  clean,  and  shows  fresh, 
hard,  good  quality  rock  that  is  suitable  to  support  any  type  of 
structure.   Preparation  of  the  channel  foundation  for  a  dam  of 
the  height  considered  would  require  only  the  removal  of  a  small 
amount  of  channel  fill  material,  shaping  of  the  bedrock,  and  some 
grouting. 

Several  types  of  material  are  available  for  dam  con- 
struction within  a  reasonably  short  haul  distance  of  the  dam  site. 
Channel  deposits  upstream  from  the  site  contain  a  large  volume  of 
sand  and  gravel,  suitable  for  placement  in  the  stability  section 
of  a  zoned  dam,  and  possibly  suitabel  for  concrete  aggregate. 
Material  for  a  random  fill  structure  may  be  provided  by  the 
alluvial  terraces,  composed  of  fine  sand,  gravel,  and  clay,  which 
flank  the  valley.   Residual  soils  could  be  stripped  from  the  hill- 
sides for  use  as  impervious  fill.   There  is  an  unlimited  supply 
of  hard,  dense  volcanic  rocks  in  the  hill  west  of  the  site,  which 
would  be  suitable  for  rockfill,  or  possibly  concrete  aggregate. 

Indian  Valley  Dam,  as  designed  for  cost  estimating 
purposes,  would  be  a  zoned  earthfill  structure  190  feet  in  height 
from  stream  bed  to  crest,  with  a  crest  length  of  600  feet.   The 
dam  would  contain  a  central  impervious  compacted  earth  core  with 
1  to  1  side  slopes,  and  outer  pervious  sections  of  earth  and  rock 
with  side  slopes  of  2.5  to  1.   The  total  volume  of  embankment 
would  be  730,000  cubic  yards. 

An  ungated,  ogee-type,  concrete  spillway,  with  concrete- 
lined  approach  and  discharge  channels,  would  be  constructed  through 
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the  left  abutment  of  the  dam.   The  spillway  was  designed  to  pass 
a  maximum  flood  discharge  of  20,000  second-feet. 

The  outlet  works  would  consist  of  a  4,5-foot  diameter 
steel  pipe,  encased  in  concrete  in  a  cut-and-cover  section  through 
the  right  abutment  of  the  dam.   The  outlet  would  be  controlled  by 
hydraulically  operated  gate  valves. 

Inundation  of  Indian  Valley  would  necessitate  relocation 
of  about  four  miles  of  county  road.   For  access,  about  six  miles 
of  improved  road  would  have  to  be  constructed  from  State  Highway  20 
to  the  dam  site. 

Most  of  the  lands  in  Indian  Valley  that  would  be  flooded 
by  the  reservoir  are  classed  as  irrigable.   However,  there  is 
little  intensive  agricultural  development  in  the  valley  because 
of  limited  access  and  lack  of  reliable  water  supply. 

Pertinent  data  with  respect  to  general  features  of  the 
Indian  Valley  Dam  and  Reservoir,  as  designed  for  cost  estimating 
purposes,  is  presented  in  Table  53.   A  summary  of  the  cost  esti- 
mate is  shown  in  Appendix  B.   It  was  estimated  that  the  capital 
cost  of  Indian  Valley  Dam  and  Reservoir  would  be  about  $3,900,000, 
The  corresponding  annual  cost  at  four  percent  interest  would  be 
$230,000, 
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TABLE  53 

GENERAL  FEATURES  OF 
INDIAN  VALLEY  DAM  AND  RESERVOIR 


Dam 

Type earthflll 

Crest  elevation,  in  feet 1,^70 

Crest  length,  in  feet 600 

Crest  width,  in  feet 30 

Height  of  crest  above  stream 

bed,  in  feet l80 

Freeboard,  in  feet 13 

Side  slopes 

Upstream 2,5:1 

Downstream 2,5^1 

Elevation  of  stream  bed, 

in  feet 1,290 

Reservoir 

Spillway  lip  elevation, 

in  feet 1,^57 

Surface  area   at   spillway   lip,    in  acres 3,^00 

Storage   capacity  at   spillway  lip, 

in  acre-feet    200,000 

Drainage  area,    in  square  miles    1?1 

Average  seasonal   runoff, 

in  acre-feet    89,300 

Seasonal  yield  of  water, 

in  acre-feet    48,000 

Type  of  spillway Ungated  ogee  weir  and  concrete- 
lined  chute  located  on  left  abutment 
Spillway  discharge   capacity, 

in  second-feet , 19,400 

Type  of  outlet  works    6-foot  diameter  reinforced 

concrete   conduit   through   right  abutment 


Sacramento   River  Diversion.      The   Sacramento   River 
Diversion  would   consist  of   four  p\imping  lifts  and   four  canal 
reaches.      It  would  originate  at   Knights   Landing  and   terminate 
at   Putah   Creek  about  eight  miles  west  of  Davis,      Pumping  Plant 
No.    1,    located  at   the  point  of   initial  diversion  at  Knights 
Landing,    would  pump  from  the   Sacramento   River  at  an  average 
elevation  of  about   i8   feet,   and  discharge   into   the   Colusa   Basin 
drainage  canal,      Iliis  existing  channel  would  convey  the  diverted 


-241- 


water  northwesterly  about  4,5  miles  to  Canal  Reach  No,  1,   In  this 
canal  reach  the  water  would  flow  about  four  miles  in  a  southerly 
direction  from  the  south  bank  of  the  Colusa  Basin  drainage  canal 
to  Pumping  Plant  No,  2,  located  two  miles  north  of  Yolo, 

From  Yolo,  Canal  Reach  No,  2  would  extend  southerly 
about  three  miles  to  Pumping  Plant  No,  3*  located  at  the  town  of 
Yolo  on  the  north  bank  of  Cache  Creek,   Pumping  Plant  No,  3  would 
discharge  into  a  penstock  which  would  also  act  as  a  siphon  under 
Cache  Creek,   Canal  Reach  No,  3  would  course  southerly  from  Cache 
Creek  about  three  miles  to  the  vicinity  of  Willow  Oak  School, 
then  westerly  about  two  miles  to  the  Moore  Canal, 

Pumping  Plant  No,  4  would  be  located  at  the  end  of  Canal 
Reach  No,  3>  about  three  miles  west  of  Woodland,   This  plant  would 
discharge  into  both  the  Moore  Canal  and  Canal  Reach  No,  4,   This 
last  reach  would  cross  the  service  area  in  a  southerly  direction 
at  an  elevation  of  approximately  110  feet,   TTie  size  of  the  canal 
would  decrease  from  north  to  south  from  an  initial  discharge 
capacity  of  400  second-feet  to  a  terminal  capacity  of  80  second- 
feet  because  of  en  route  releases  to  the  distribution  system.   The 
canal  would  terminate  in  Willow  Canal  on  the  north  bank  of  Putah 
Creek  at  a  point  about  8  miles  west  of  Davis, 

The  water  supply  for  the  Sacramento  River  Diversion 
would  come  partly  from  the  Sacramento  River  and  partly  from  the 
Colusa  Basin  drainage  canal.   In  most  years  an  ample  supply  of 
irrigation  return  flow  is  available  in  the  Colusa  Basin  drainage 
canal.   This  return  flow  originates  from  the  large  quantities  of 
water  diverted  from  the  Sacramento  River  to  irrigate  rice  in  the 
Colusa  Basin,   Although  the  water  has  been  used,  the  quality  is 


-242- 


still  adequate  for  irrigation.   Pumping  Plant  No,  1  would  be 
required  to  pump  water  from  the  Sacramento  River  in  sufficient 
quantities  to  create  a  northwestward  flow  in  the  Colusa  Basin 
drainage  canal. 

The  canals  would  be  concrete  lined  to  minimize  seepage 
losses.   Details  of  those  reaches  are  shown  in  the  following 
tabulation: 


Reach 

Length, 

in 

feet 

22,000 

Discharge 
capacity, 
in 
second- 
feet 

Slope 
0,000055 

Water 

surface 

elevation 

in  feet 

21.5-20.3 

Canal 

bottom 

width 

13 

Total 

depth, 

in  feet 

No,  1 

400 

8 

No,  2 

19,100 

400 

0.000055 

56-5^.4 

13 

8 

No,  3 

23,700 

400 

0.000055 

80-77.1 

13 

8 

No,  4 

70,200 

330  to  80 

0.00008 
to 

110-103.3 

10  to 
5.2 

7  to 
3.6 

0.00014 


The  four  pumping  plants  would  be  capable  of  discharging 
sufficient  water  to  meet  the  maximum  monthly  irrigation  re- 
quirement.  Plants  Nos.  2,    3,   and  4  would  be  essentially  constant- 
head  plants,  while  Plant  No.  1  would  operate  over  a  considerable 
head  range  because  of  variations  in  river  stage.  Characteristics 
of  the  pumping  plants  are  shown  in  the  following  tabulation: 


Pumping 
plant 

1 
2 

3 
4 


Installed 

electric 

capacity, 

in 
kilowatts 

510 
1,750 
1,260 
1,610 


Discharge 
capacity, 
in 
second- 
feet 

400 
400 
400 
400 


Annual 
electric 

power 
consumption, 
in  kilowatt- 

hours 

370,000 
5,350,000 
3,900,000 
5,000,000 


Maximum  Average 

static  static 

head,  head, 

in  feet  in  feet 


10.5 
36.2 
26.1 
33.^ 


5 
36.2 
26,1 
33.^ 
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Summary  of  Pro.lect  Costs.   The  overall  capital  cost  of 
the  Alternative  Cache  Creek-Sacramento  River  Diversion  Project 
was  estimated  to  be  $17,^98,000.   The  corresponding  annual  cost 
was  estimated  to  be  $1,859,000,  based  upon  a  repayment  period  of 
50  years  at  an  interest  rate  of  4  percent,  and  including  the 
annual  costs  of  operation,  maintenance,  and  replacement,   A 
summary  of  the  estimated  costs  of  the  principal  facilities 
comprising  the  project  is  shown  in  the  following  tabulation: 

Capital  costs     Annual  costs 
Indian  Valley  Dam  and  Reservoir   $  3,976,000       $  219,000 
Brooks  Dam  and  Reservoir           1,819,000  98,000 

Distribution  System  4,7^6,000  529,000 
Sacramento  River  Diversion  6,957,000  663,000 
Delta  Water  Charge  350.000 

Totals  $17,498,000       $1,859,000 

It  may  be  noted  that  a  "Delta  Water  Charge"  was  included 
as  an  annual  cost.   This  represents  the  basic  charge  to  all  users 
of  water  from  the  State  Water  Facilities,  as  defined  in  the 
California  Water  Resources  Development  Bond  Act  (Burns-Porter  Act) 
which  authorized  the  issuance  of  $1.75  billion  in  general  obliga- 
tion bonds  of  the  State  of  California  for  financing  construction 
of  those  facilities.   In  this  regard,  it  should  be  recognized 
that  there  is  no  firm  supply  of  water  in  the  Delta  at  the  present 
time,  and  that  any  additional  diversions  from  the  Delta  on  a  firm 
basis  will  necessitate  construction  of  conservation  features  of 
the  State  Water  Facilities,   Under  payment  provisions  in  the 
contract  between  the  State  and  The   Metropolitan  Water  District  of 
Southern  California,  the  Delta  water  charge  is  to  be  set  at 
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$3.50  per  acre-foot  until   1969,    $^.68  per  acre-foot   from   1970 
to   1981,    and  $6.30  per  acre-foot  after  I98I. 

Summary  of   Pro.lect  Accomplishments.      The  Alternative 
Cache  Creek-Sacramento   River  Diversion  Project,    including  presently 
developed  water   supplies,    would  provide   395,000  acre-feet  of  water 
per  season  to   fully  meet  potential  ultimate   supplemental   water  re- 
quirements  in  the   Cache   Creek  Service   Area.      In  terms  of  annual 
net   farm  delivery,    203,000  acre-feet  would  be   supplied   from  ground 
water  and   192,000  acre-feet   from  surface  water  sources.      The 
surface  water  supply  would   comprise   110,000  acre-feet   from  Cache 
Creek  and  82,000  acre-feet   from  the   Sacramento   River.      The   gross 
annual   delivery  of  new  water  to   the  Cache  Creek  Service  Area  by 
this  project  would   consist  of  48,000  acre-feet   from  Indian  Valley 
Reservoir  and  100,000  acre-feet   from  the   Sacramento   River  Diversion, 

The   estimated  average  annual  deliveries  of  agricultural 
and  urban  water  to   the   Cache  Creek  Service   Area  by  the   Alternative 
Cache   Creek-Sacramento   River  Diversion   Project  are   shown,    by 
decades,    in  Table   54» 
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TABLE  5^ 

AVERAGE  ANNUAL  WATER  DELIVERIES  TO 
CACHE  CREEK  SERVICE  AREA  BY  ALTERNATIVE 
CACHE  CREEK-SACRAMENTO  RIVER  DIVERSION  PROJECT 

(in  acre-feet) 

•  Average  annual  delivery 

Decade   ;~rrlgatlon  (net  farm  delivery)  :   Urban   :   Total 

1965-74  288,000  14,000  302,000 

1975-84  362,000  21,000  383,000 

1985-94  355,000  32,000  387,000 

1995-04  344,000  47,000  391,000 

2005-14  330,000  65,000  395,000 

Accomplishments  of  the  Alternative  Cache  Creek- 
Sacramento  River  Diversion  Project,  expressed  as  benefits 
accruing  to  project  operation  for  irrigation  and  urban  purposes, 
would  aggregate  some  $90,500,000  over  the  50-year  repayment  period. 
These  benefits  are  set  forth  in  Table  55  for  each  purpose,  by 
decades  from  1965  through  20l4,   Table  55  also  shows  the  present 
worth  (1965)  of  project  benefits  over  the  50-year  repayment 
period,  and  the  average  annual  equivalent  benefits.   As  discussed 
earlier  in  this  chapter  in  connection  with  the  V/ilson  Valley  Project, 
it  was  necessary  to  derive  the  equivalent  present  (1965)  value  of 
future  benefits  in  order  that  they  may  be  compared  with  project 
costs  on  a  common-time  basis. 
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From  a  comparison  of  annual  equivalent  benefits  of 
$4,212,000,  shown  in  Table  53,  with  annual  costs  of  the  Alternative 
Cache  Creek-Sacramento  River  Diversion  Project  ($1,859*000),  the 
indicated  benefit-cost  ratio  is  2,27  to  1.   This  demonstrates  a 
relatively  high  degree  of  economic  justification.   However,  this 
project  could  not  provide  the  benefits  that  would  accrue  from 
comprehensive  development  of  the  water  resources  of  the  Clear 
Lake-Cache  Creek  Basin,   The  waters  of  Cache  Creek  would  not  be 
effectively  utilized  under  the  alternative  project,  while,  at  the 
same  time,  waters  developed  elsewhere  would  be  imported  into  the 
watershed.   Moreover,  no  provision  would  be  made  for  development 
of  additional  water  supplies  for  areas  tributary  to  Clear  Lake, 
and  only  limited  flood  control  and  recreation  enhancement  would 
be  achieved. 

Alternative  Clear  Lake  Flood 
Control  Project 

Enlargement  of  the  Clear  Lake  outlet  channel  to  provide 
flood  protection  for  the  Clear  Lake  shore  line  was  discussed 
earlier  in  this  chapter  as  a  feature  of  the  Wilson  Valley  Project, 
As  stated,  enlargement  of  the  channel  would  require  modification 
of  both  the  Gopcevic  and  Bemmerly  Decrees  which  presently  prohibit 
deepening  and  widening  of  the  channel.   Construction  and  operation 
of  Wilson  Valley  Dam  and  Reservoir  would  remove  the  objections  on 
which  the  decrees  were  founded. 

Operation  studies  with  an  enlarged  Clear  Lake  outlet 
channel,  but  without  Wilson  Valley  Reservoir,  were  made  to  evaluate 
effects  of  the  enlarged  channel  on  flood  discharges  in  the  lower 
reaches  of  Cache  Creek,  The  floods  of  1956  and  1958  were  routed 
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Clear  Lake 
Outlet  Channel 


ABOVE: 

Looking  upstream 
towards  Grigsby 
Riffle  from  old 
highway  bridge 

RIGHT: 

Looking  downstream 
towards  "Narrows"  from 
old  highway  bridge 
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Resources  photographs 


through  the  outlet  channel  enlarged  to  a  capacity  of  8,500 
second-feet  at  a  reading  of  7.56  on  the  Rumsey  Gage. 

Hydrographs  showing  historical  and  controlled  flood 
conditions  for  the  floods  of  February  and  March,  1958  are  depicted 
on  Plate  19,  "Flood  Operation  of  Clear  Lake  and  Cache  Creek  Without 
Wilson  Valley  Reservoir",   During  this  flood  the  lake  level 
exceeded  an  elevation  of  9.0  feet  on  the  Rumsey  Gage  for  a  con- 
tinuous period  of  44  days,  and  reached  a  peak  stage  of  10.9  feet. 
The  discharge  of  Cache  Creek  at  Rumsey  during  this  flood  reached 
a  maximum  rate  of  about  52,000  second-feet.   The  hydrograph  of 
historical  discharge,  shown  on  Plate  19^  illustrates  that  this 
flood,  typical  of  most  floods  in  Cache  Creek,  rose  and  fell  very 
sharply  within  a  period  of  less  than  24  hours. 

Operation  of  the  Alternative  Clear  Lake  Flood  Control 
Project  without  Wilson  Valley  Reservoir  was  predicated  upon  the 
timing  of  releases  of  water  from  Clear  Lake  so  that  such  releases 
would  pass  through  the  lower  reaches  of  Cache  Creek  before  and 
after,  but  not  during,  the  main  flood  peak  from  runoff  of  the 
watershed  below  Clear  Lake,   For  this  study,  it  was  assumed  that 
Clear  Lake  would  be  held  at  a  stage  of  7.56  feet  by  controlling 
releases  during  flood  stages  of  Cache  Creek,  as  indicated  by  the 
flood  warning  gage  at  Rumsey,   Flood  stages  could  be  anticipated 
a  few  hours  in  advance  by  means  of  automatic  recording  rain  gages 
at  strategic  locations  in  the  watershed. 

The  gates  of  the  Clear  Lake  Impounding  Dam  would  be 
closed  during  flood  stages  of  Cache  Creek,  and  would  remain  closed 
until  eight  hours  after  the  peak  flow  at  f^msey  had  passed.   This 
delay  would  allow  the  flood  peak  to  reach  the  Yolo  Bypass. 
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Following  this,  releases  from  Clear  Lake  would  again  commence, 
to  reduce  the  stage  to  7.56  feet  on  the  F?umsey  Gage  as  soon  as 
possible.   Results  of  a  routing  of  the  1958  flood,  plotted  on 
Plate  19,  show  that  the  maximum  water  surface  elevation  in  Clear 
Lake  could  have  been  reduced  to  8,4  feet,  rather  than  the  10,9 
feet  actually  experienced.   Furthermore,  by  withholding  the 
discharge  from  Clear  Lake,  the  peak  flood  discharge  at  Rumsey 
would  have  been  reduced  from  52,000  second-feet  to  about  45,000 
second-feet« 

As  described  under  discussion  of  the  Wilson  Valley 
Project,  the  capital  cost  of  enlarging  the  Clear  Lake  outlet 
channel  was  estimated  to  be  about  $1,250,000,   Corresponding 
annual  costs,  at  an  interest  rate  of  four  percent  per  annum,  were 
estimated  to  be  about  $68,000,   The  average  annual  flood  control 
benefits  that  would  accrue  to  the  shore  line  of  Clear  Lake  from 
operation  of  the  Wilson  Valley  Project  were  estimated  to  be 
$345,000.   It  was  estimated  that  a  considerable  portion  of  these 
benefits  could  be  gained  by  operation  of  the  alternative  flood 
control  project  without  Wilson  Valley  Reservoir,   The  indicated 
benefit-cost  ratio  of  the  Alternative  Clear  Lake  Flood  Control 
Project  would  be  in  excess  of  4  to  1. 

Summary  Comparison  of 
Wilson  Valley  Project  and  Alternatives 

In  order  that  a  project  be  an  alternative  to  another 
project  in  the  full  sense  of  the  word,  it  should  provide  equal 
service  to  the  same  project  service  area.  With  this  definition 
in  mind,  it  is  clear  that  neither  the  Alternative  Cache  Creek- 
Sacramento  River  Diversion  Project  nor  the  Alternative  Clear  Ijake 
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Flood  Control  Project  are  true  alternatives  to  the  Wilson  Valley 
Project.  Rather,  they  are  only  partial  alternatives  for  certain 
project  purposes. 

The  Alternative  Cache  Creek-Sacramento  River  Diversion 
Project  would  deliver  sufficient  water  to  meet  the  potential 
ultimate  water  requirement  in  the  Cache  Creek  Service  Area,   How- 
ever, it  would  not  make  water  available  for  use  in  the  Clear  Lake 
Basin,  except  by  an  exchange  arrangement.   Such  an  arrangement 
would  be  disadvantageous  to  users  in  the  Cache  Creek  Service  Area, 
as  it  would  involve  the  substitution  of  more  expensive  imported 
water  for  surface  supplies  from  Cache  Creek.   On  the  other  hand, 
the  Wilson  Valley  Project  would  make  a  firm  annual  water  supply 
of  36,000  acre-feet  available  for  development  within  the  Clear 
Lake  Basin,   At  the  same  time,  the  project  would  come  within 
15,000  acre-feet  per  year  of  meeting  the  potential  ultimate  (2015) 
water  requirement  in  the  Cache  Creek  Service  Area, 

While  the  Alternative  Cache  Creek-Sacramento  River 
Diversion  Project  could  accomplish  some  flood  control,  such 
control  would  be  limited  to  the  lower  Cache  Creek  area  and  would 
be  only  nominal,   Indian  Valley  Reservoir  would  provide  regula- 
tion for  only  the  North  Fork  of  Cache  Creek,   An  enlarged  Clear 
Lake  outlet  channel  could  be  operated  in  conjunction  with  Indian 
Valley  Reservoir  to  provide  flood  protection  around  Clear  Lake, 
However,  the  efficiency  of  operation  of  Clear  Lake  would  be 
impaired  because  of  the  absence  of  downstream  control  on  the  main 
stem  of  Cache  Creek,   Moreover,  necessary  modification  of  the 
Bemmerly  and  Gopcevic  Decrees  might  prove  difficult,  because  of 
the  lack  of  downstream  control. 
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In  order  to  achieve  maximum  flood  control  benefits  in 
the  Clear  Lake-Cache  Creek  Basin,  the  enlarged  Clear  Lake  outlet 
channel  should  be  operated  in  conjunction  with  Wilson  Valley 
Reservoir,   Such  operation  would  permit  sustained  flood  releases 
from  Clear  Lake  and  concurrent  reduction  of  peak  discharge  rates 
in  the  lower  reaches  of  Cache  Creek,   Moreover,  with  the  positive 
control  of  Cache  Creek  runoff  at  the  Wilson  Valley  site,  the 
Gopcevic  and  Bemmerly  Decrees  could  be  modified  or  set  aside-,  with 
reasonable  assurance  that  conditions  which  those  decrees  were 
designed  to  prevent  would  no  longer  be  a  problem. 

The  opportunity  for  recreation  use  at  Indian  Valley 
Reservoir  would  be  much  more  restricted  than  at  the  Wilson  Valley 
Reservoir,   TTiere  would  be  no  recreation  enhancement  around  Clear 
Lake  with  the  Alternative  Cache  Creek-Sacramento  River  Diversion 
Project,   However,  recreation  at  Brooks  Reservoir  and  along  lower 
Cache  Creek  would  be  essentially  the  same  with  either  project. 

In  summary,  the  Wilson  Valley  Project  would  create 
greater  net  benefits,  both  local  and  statewide,  than  would  the 
Alternative  Cache  Creek-Sacramento  River  Diversion  Project.   More- 
over, the  Wilson  Valley  Project  would  effect  the  most  efficient 
development  of  California's  water  resources  by  meeting  local  water 
needs  with  locally  developed  water  resources,  thereby  permitting 
water  which  otherwise  would  have  to  be  imported  to  the  area,  to 
be  used  in  meeting  the  commitments  of  the  State  Water  Facilities 
which  will  be  constructed  and  operated  under  provisions  of  the 
California  Water  Resources  Development  Bond  Act.   Perhaps  most 
significant,  however,  is  the  fact  that  the  Wilson  Valley  Project 
would  enhance  the  economy  of  both  Lake  and  Yolo  Counties,  and 
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provide  the  Incentive  for  Joint  participation  by  both  counties 
In  financing,  construction,  and  operation  of  the  project. 
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CHAPTER  V.    SUMMARY  OF  CONCLUSIONS 
AND  RECOMMENDATIONS 


As  a  result  of  field  investigation  and  analysis  of 
available  data  on  water  resources  and  water  problems  of  the  Clear 
Lake-Cache  Creek  Basin,  and  on  the  basis  of  the  estimates  and 
assumptions  discussed  in  this  bulletin,  the  following  conclusions 
and  recommendations  are  made. 

Conclusions 

1,   Present  water  problems  in  the  Clear  Lake-Cache 
Creek  Basin  concern  both  water  supply  and  flood  control.   The 
most  significant  problems  consist  of: 

a.  Seasonal  uncertainty  in  the  availability 
of  surface  water  supplies  in  the  Cache  Creek 
Service  Area,  which  restricts  the  planting  of 
certain  agricultural  crops,  resulting  in 
impairment  of  the  agricultural  economy; 

b.  Ground  water  overdraft  in  the  Cache  Creek 
Service  Area,  with  resultant  increase  in  costs 

of  agricultural  production; 

c.  Limitation  on  further  development  of 
the  water  resources  of  the  Clear  Lake  Basin 
under  present  water  rights  held  by  downstream 
users;  and 

d.  Periodic  occurrence  of  heavy  winter 
and  spring  storms  with  resultant  flood  flows 
that  cause  damage  to  lands  around  Clear  Lake 
and  along  the  lower  portion  of  Cache  Creek, 
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2,  Essentially  all   the  present  water  requirement  of 
37 J 000  acre-feet  per  year  in  the  Clear  Lake  Basin  is  met  by 
pumping  from  underlying  ground  water  storage  without   incurring  a 
ground  water  overdraft.      However,    seasonal   fluctuation   in  ground 
water  levels  has  resulted  in  inconvenience  or  expense  of  deepening 
of  wells  or  lowering  of  pumps   in  certain  areas, 

3,  The  potential  ultimate  mean  annual   requirement   for 
supplemental  water  in  the   Clear  Lake  Basin  is   estimated   to  be 
165,000  acre-feet  on  a    farm  delivery  basis,    distributed  as 
follows:      Big  Valley,    22,000  acre-feet;    Scott  Valley,    2,500  acre- 
feet;    Upper  Lake,    13,000  acre-feet;    and   remaining  area,    128,000 
acre-feet. 

4,  The  present  mean  annual  water  requirement   in   the 
Cache  Creek  Service  Area   amounts   to   287,000  acre-feet  on  a    farm 
delivery  basis,    of  which  an  estimated  72,000  acre-feet   is   de- 
veloped  from  surface   sources  and  about   l60,000  acre-feet   is 
developed   from  pumping  from  underlying  ground  water  storage.      The 
present   supplemental  water  requirement,    represented  by  the   differ- 
ence between  the  present  water  requirement    (287,000  acre-feet) 
and  the   safe  yield  of   surface  and  ground  water  supplies    (232,000 
acre-feet),    amounts   to  about   55,000  acre-feet  per  year, 

5,  The  potential  annual  ultimate    (2015)    supplemental 
water  requirement   in  the   Cache   Creek  Service  Area    is   forecast   to 
be   163,000  acre-feet, 

6,  Except   for  the  presence  of  boron,    the  waters   of   the 
Cache   Creek  Basin  are  of   satisfactory  mineral   quality   for  agri- 
cultural uses.      However,    concentrations  of  boron  in  the   surface 


-256- 


water  supplies  and  in  certain  of  the  ground  water  supplies  pre- 
clude  the  use  of  those  supplies  for  irrigation  of  crops  which 
are  extremely  sensitive  to  boron, 

7.  A  source  of  supplemental  water  is  available 
locally  in  runoff  from  Cache  Creek  and  its  tributaries  that 
presently  wastes  from  the  Clear  Lake-Cache  Creek  Basin,   This 
waste,  which  averaged  about  3^0,000  acre-feet  per  year  during  the 
mean  period,  occurs  in  a  widely  varying  pattern  from  year  to  year, 
ranging  from  a  low  of  3*000  acre-feet  in  1919-20  to  a  maximum  of 
1,400,000  acre-feet  in  19^0-41,  Because  of  this  extreme  seasonal 
and  cyclic  variation,  it  would  be  neither  physically  nor  eco- 
nomically feasible  to  develop  such  waste  water  to  the  extent 
necessary  to  meet  potential  ultimate  water  requirements  within 
the  basin, 

8.  The  Wilson  Valley  Project,  involving  the  coordinated 
operation  of  1,000,000  acre-feet  of  storage  at  the  Wilson  Valley 
site  on  Cache  Creek,  314,000  acre-feet  in  Clear  Lake,  enlargement 
of  the  Clear  Lake  outlet  channel,  a  downstream  regulatory  reser- 
voir at  the  Brooks  site  on  Cache  Creek,  and  acquisition  and 
enlargement  of  the  existing  distribution  system  of  the  Clear  Lake 
Water  Company,  could  make  sufficient  water  available  in  the  Cache 
Creek  Service  Area  and  In  Clear  Lake  to  meet  increasing  water 
requirements  in  both  Yolo  and  Lake  Counties  for  a  considerable 
number  of  years  into  the  future.   Moreover,  the  project  would 
provide  substantial  flood  control  and  recreational  benefits  for 
both  counties. 
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9.  The  Wilson  Valley  Project  would  increase  the  firm 
water  supply  in  the  Cache  Creek  Service  Area  by  148,000  acre-feet 
per  year,  distributed  as  follows:   surface  water  supplies,  105,000 
acre-feet;  increased  ground  water  replenishment,  43,000  acre-feet. 
By  operation  of  Wilson  Valley  Reservoir  in  conjunction  with  Clear 
Lake,  an  additional  36,000  acre-feet  per  year  could  be  made 
available  to  the  Clear  Lake  Basin  on  a  farm  delivery  basis.   De- 
velopment and  use  of  this  water  would  result  in  a  net  depletion 

of  inflow  into  the  Wilson  Valley  Reservoir  of  21,000  acre-feet 
per  year, 

10.  Operation  of  the  Wilson  Valley  Project  would  sub- 
stantially reduce  flood  damages  by: 

a.  Limiting  the  water  level  in  Clear  Lake 
to  an  elevation  of  9  feet  on  the  Rumsey  Gage  at 
Lakeport  by  enlargement  of  the  Clear  Lake  outlet 
channel,  thus  providing  protection  to  lands  and 
developments  on  the  perimeter  of  the  lake; 

b.  Reduction  of  peak  flood  flows  in  the 
lower  Cache  Creek  channel,  by  detention  in 
Wilson  Valley  Reservoir,  thereby  protecting 
lands  along  the  lower  reaches  of  the  channel 
from  inundation; 

c.  Controlling  discharges  in  lower  Cache 
Creek  channel  to  21,000  second-feet  at  all  times 
except  during  extreme  floods,  thereby  reducing 
erosion  damage  along  Cache  Creek;  and 

d.  Extention  of  the  life  of  the  Cache 
Creek  settling  basin  by  reduction  of  silt 
accumulation  therein, 
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11,  The  Wilson  Valley  Project  would  substantially 
enhance  recreational  opportunities  both  around  Clear  Lake  and 
around  the  Wilson  Valley  Reservoir,  as  well  as  maintaining  year 
round  stream  flow,  thus  improving  the  sport  fishery  of  Cache 
Creek. 

12,  The  capital  and  annual  costs  of  the  Wilson  Valley 
Project  are  estimated  to  be  $45,010,000  and  $2,9^2,000,  re- 
spectively.  These  costs  are  broken  down  among  the  several 
component  features  of  the  project  as  follows: 

Capital  cost      Annual  cost 


Wilson  Valley  Dam  and  Reservoir 
Clear  Lake  outlet  channel 

enlargement 
Brooks  Dam  and  Reservoir 
Distribution  System 
Onshore  Recreation  Facilities 

(at  Wilson  Valley  and 

Clear  Lake) 


$  34,515,000 

1,250,000 
1,819,000 
4,746,000 


2,680,000 


$  1,819,000 

68,000 
98,000 

529,000 


428,000 


13.  The  Wilson  Valley  Project  could  be  staged  to  a 
minor  extent  by  deferring  construction  of  Brooks  Dam  and  Reser- 
voir and  portions  of  the  distribution  system,  Wilson  Valley  Dam 
could  not  be  staged  because  of  the  high  spillway  costs.  The  cost 
of  the  initial  project  features  would  be  $41,484,000, 

14.  The  estimated  capital  cost  of  the  Wilson  Valley 
Project  includes  $8,229,000  for  relocation  of  State  Highway  20, 
This  relocation  cost  includes  $1,735,000  estimated  by  the  State 
Division  of  Highways  as  the  amount  creditable  for  betterment  of 
the  relocated  road  to  expressway  standards, 

15.  The  Wilson  Valley  Project  would  create  estimated 
total  benefits  over  the  project  repayment  period  amounting  to 
$144,000,000  on  a  present  worth  basis.   Corresponding  annual 
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equivalent  benefits  would  be  $6,712,000  as  shown  In  the  following 
tabulation: 

Irrigation  (Cache  Creek 

Service  Area)  $3,718,000 
Municipal  and  Industrial 

(urban)  336,000 

Recreation  2,128,000 

Flood  control  530,000 

16,  Economic  Justification  of  the  Wilson  Valley  Project 
is  indicated  by  a  benefit-cost  ratio  of  2,33  to  1. 

17,  Costs  of  the  Wilson  Valley  Project  were  allocated 

in  accordance  with  the  separable  cost-remaining  benefits  method 

as  follows: 

Irrigation  $25,335,000 
Municipal  and  industrial 

(urban)  3,984,000 

Recreation  10,016,000 

Flood  control  5,675,000 

18,  Based  upon  the  foregoing  cost  allocation,  the 
following  assumptions  were  made  with  respect  to  nonreimbursable 
contributions  to  the  Wilson  Valley  Project, 

a.  Tliat  the  Federal  Government,  through 
the  U,  S.  Corps  of  Engineers,  would  contribute 
$5,675,000  in  the  interest  of  flood  control; 

b.  That  the  State,  through  the  California 
Highway  Commission,  would  contribute  $1,735,000 
for  improvement  of  the  relocated  State  Highway 
20  to  expressway  standards;  and 

c.  That  the  Legislature,  under  provisions 
of  Section  12880  of  the  Water  Code,  would  grant 
$7,336,000  in  the  interest  of  recreation  as  a 
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statewide  benefit.   This  value  represents  the 
allocation  to  recreation  ($10,016,000)  minus  the 
cost  of  locally  financed  onshore  recreation  fa- 
cilities ($2,680,000). 

19,  Assuming  nonreimbursable  contributions  to  the 
Wilson  Valley  Project  in  accordance  with  the  foregoing  con- 
clusion, the  reimbursable  costs  to  be  borne  by  the  local  agency 
would  be  $26,648,000.   The  resultant  cost  per  acre-foot  for 
irrigation  and  urban  water  would  be  about  $8  and  $19,  respectively. 
Assuming  no  State  recreation  grant  and  elimination  of  the  onshore 
recreation  facilities,  the  local  agency  reimbursable  cost  per 
acre-foot  for  irrigation  and  urban  water  would  be  about  $9  and 
$22,  respectively.   It  should  be  pointed  out  that  these  costs  do 
not  reflect  the  value  of  the  36,000  acre-feet  of  water  reserved 

in  Clear  Lake  for  use  within  the  Clear  Lake  Basin.   To  the  extent 
that  Lake  County  would  participate  in  the  project  to  assure  the 
availability  of  this  water,  the  cost  of  water  in  the  Cache  Creek 
Service  Area  would  be  reduced. 

20,  The  payment  capacity  for  Irrigation  and  urban  water 
in  the  Cache  Creek  Service  Area,  estimated  to  be  $12.50  and  $3^ 
per  acre-foot,  respectively,  substantially  exceeds  the  indicated 
costs  of  water  set  forth  in  the  preceding  conclusion,  either  with 
or  without  a  nonreimbursable  State  recreation  grant, 

21,  The  Alternative  Cache  Creek-Sacramento  River 
Diversion  Project  is  a  possible  alternative  to  the  Wilson  Valley 
Project  with  respect  to  provision  of  supplemental  water  to  the 
Cache  Creek  Service  Area,   However,  it  would  not  Improve  the 
operation  of  Clear  Lake,  and  would  not  make  additional  water 
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available  for  the  Clear  Lake  Basin.  Moreover,  the  project  would 
provide  only  limited  flood  control  in  the  lower  Cache  Creek  area 
and  would  not  provide  flood  control  around  Clear  Lake.  Similarly, 
the  project  would  provide  only  nominal  recreational  opportunities 
around  the  Indian  Valley  Reservoir  and  none  around  Clear  Lake, 

22.  Ihe  capital  and  annual  costs  of  the  Alternative 
Cache  Creek-Sacramento  River  Diversion  Project  are  estimated  to 
be  $17,^98,000  and  $1,859,000,  respectively,  'Oiese  costs  are 
broken  down  among  the  several  component  features  of  the  project 
as  follows: 

Capital  cost     Annual  cost 

Indian  Valley  Dam  and  Reservoir  $3,976,000  $219,000 

Brooks  Dam  and  Reservoir  1,819,000  98,000 

Distribution  System  4,746,000  529,000 

Sacramento  River  Diversion  6,957,000  663,000 

Delta  Water  Charge  350,000 

23.  The   Alternative  Cache  Creek-Sacramento  River 
Diversion  Project  would  create  estimated  irrigation  and  urban 
benefits  over  the  project  repayment  period  amounting  to  $90,485,000 
on  a  present  worth  basis.  Corresponding  annual  equivalent  benefits 
would  be  $4,212,000,  Although  the  Indian  Valley  Reservoir  would 
create  nominal  flood  control  and  recreation  benefits,  such 
benefits  were  not  evaluated.  However,  the  nonreimbursable  grants 
for  those  purposes  probably  would  not  offset  the  added  costs  of 
facilities  required  to  create  the  additional  benefits, 

24.  Economic  Justification  of  the  Alternative  Cache 
Creek- Sacramento  River  Diversion  Project,  based  upon  irrigation 
and  urban  benefits,  and  including  a  charge  of  $3,50  per  acre-foot 
for  water  diverted  from  the  Sacramento  River,  is  indicated  by  a 
benefit-cost  ratio  of  2,27  to  1, 
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25.  Assuming  that  project  costs  would  be  repayed  by 
the  sale  of  irrigation  and  urban  water,  the  indicated  cost  of 
water  under  the  Alternative  Cache  Creek-Sacramento  River  Diversion 
Project  would  be  about  $8  per  acre-foot, 

26.  The  Alternative  Cache  Creek-Sacramento  River 
Diversion  Project  would  be  susceptible  of  staged  construction, 
with  Initial  construction  of  Indian  Valley  Dam  and  Reservoir, 
Construction  of  the  Sacramento  River  Diversion,  Brooks  Dam  and 
Reservoir,  and  enlargement  and  extension  of  the  distribution 
system  could  be  scheduled  to  meet  the  increasing  demand  for 
project  water, 

27.  The  Alternative  Clear  Lake  Flood  Control  Project 
would  reduce  flooding  around  Clear  Lake  by  enabling  greater 
releases  of  flood  water,  thereby  providing  closer  control  of  lake 
levels.  However,  it  would  provide  only  nominal  improvement  of 
present  flood  conditions  along  lower  Cache  Creek,  While  the 
benefit-cost  ratio  of  the  alternative  would  be  in  excess  of 

4  to  1  as  a  separate  project,  greater  benefits  could  be  realized 
fi*om  an  enlarged  outlet  channel  as  a  feature  of  a  comprehensive 
multipurpose  project, 

28.  After  study  and  evaluation  of  possible  plans  for 
water  development,  the  Wilson  Valley  Project  was  selected  as  the 
best  plan  for  development  of  the  water  resources  of  the  Clear 
Lake-Cache  Creek  Basin,  Moreover,  the  project  is  superior  to 
alternative  plans  involving  a  combination  of  partial  development 
of  local  water  resources  and  importation  of  water  from  the 
Sacramento  River,   In  relation  to  such  alternatives,  the  Wilson 
Valley  Project: 
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a.  Conforms  to  the  philosophy  expressed 
in  Bulletin  No.  3,  "The  California  Water  Plan", 
by  making  optimum  use  of  local  water  resources; 

b.  Would  create  maximum  net  benefits  to  the 
local  economy  in  both  Lake  and  Yolo  Counties 
through  water  conservation,  flood  control,  and 
recreation  accomplishments; 

c.  Would  permit  water  which  otherwise  would 
have  to  be  imported  to  the  Cache  Creek  Service 
Area,  to  be  used  in  meeting  the  commitments  of 
the  State  Water  Facilities  which  will  be  con- 
structed and  operated  under  provisions  of  the 
California  Water  Resources  Development  Bond  Act; 
and 

d.  Would  deliver  and  distribute  water  in  the 
Cache  Creek  Service  Area  at  an  equivalent  annual 
unit  cost  and,  furthermore,  would  make  additional 
water  available  in  Clear  Lake  for  use  within  the 
Clear  Lake  Basin. 

29.  The  Cache  Creek  Service  Area  is  extensively  de- 
veloped and  can  readily  absorb  additional  water  with  nominal 
enlargement  and  extension  of  the  existing  distribution  system 
which  serves  most  of  the  area, 

30.  Ilie  Yolo  County  Flood  Control  and  Conservation 
District  has  expressed  keen  interest  in  the  Wilson  Valley  Project 
and  has  the  legal  authority  to  construct  and  operate  the  project. 

31.  Based  on  an  estimated  assessed  valuation  of 
$90,000,000  and  on  existing  overlapping  bonded  indebtedness,  it 
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appears  that  a  maximum  practical  bonding  capacity  for  general 
obligation  bonds  of  the  Yolo  County  Flood  Control  and  Conservation 
District  would  be  about  $20,000,000. 

32.   The  Wilson  Valley  Project  is  financially  feasible, 
provided  that  local  interests  can  secure  supplemental  financing 
on  a  loan  basis  to  meet  the  portion  of  the  reimbursable  project 
costs  in  excess  of  local  financing  capability. 

Recommendations 

It  is  recommended: 

1,  That,  for  the  following  reasons,  the  Wilson  Valley 
Project  be  adopted  as  the  plan  for  development  of  supplemental 
water  for  lands  within  the  Clear  Lake-Cache  Creek  Basin: 

a.  The  project,  in  conformance  with  The 
California  Water  Plan,  would  effect  full  eco- 
nomical development  of  the  water  resources  of 
Cache  Creek; 

b.  The  project  would  be  a  multipurpose 
development,  providing  conservation,  flood 
control,  and  recreation  for  both  Lake  and  Yolo 
Counties;  and 

c.  In  relation  to  possible  alternatives, 
the  project  would  return  the  maximum  net  benefits 
to  the  economy  of  both  the  basin  and  the  State, 

2,  That  local  interests  consider  the  necessary  steps 
to  initiate  construction  of  the  Wilson  Valley  Project.  These 
steps  should  include: 
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a,  A  firm  determination  of  local  financing 
capacity; 

b,  A  determination  of  probable  federal  non- 
reimbursable contribution  to  the  project  in  the 
interests  of  flood  control; 

c.  Evaluation  of  additional  funds  required 
to  fully  finance  the  project;  and 

d.  Initiation  of  action  to  modify  the 
Bemmerly  Decree  to  permit  enlargement  of  the 
Clear  Lake  outlet  channel,  and  modification  of  the 
Gopcevic  Decree  to  permit  the  operation  of  Clear 
Lake  as  a  feature  of  the  Wilson  Valley  Project, 

3.  That  interests  in  Lake  County  consider  participation 
Jointly  with  interests  in  Yolo  County  in  financing  the  Wilson 
Valley  Project,  in  accordance  with  the  yield  and  other  benefits 
that  would  accrue  to  Lake  County,  such  participation  to  be 
achieved  in  a  manner  to  be  negotiated  by  the  two  counties. 

4,  That  local  interests  request  the  U.  S,  Corps  of 
Engineers : 

a ,  To  make  a  survey  of  the  flood  control 
benefits  accruing  to  the  Wilson  Valley  Project 
and  to  determine  the  recommended  federal  non- 
reimbursable contribution  in  the  interest  of 
flood  control;  and 

b.  To  request  congressional  approval  and 
appropriation  of  funds  for  such  contribution, 
(ihis  is  preliminarily  estimated  at  5.7  million 
dollars, ) 
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5.  Tliat  local  interests  request  consideration  of 
contribution  by  the  State  (California  Highway  Commission)  of 
necessary  funds  for  construction  of  Highway  20  to  expressway 
standards,  over  and  above  the  cost  of  replacement-in-kind.  This 
has  been  preliminarily  estimated  to  be  $1,735*000, 

6.  That  local  interests  explore  possible  sources  of 
financial  assistance  in  construction  of  the  Wilson  Valley  Project, 
These  sources  consist  of: 

a.  Federal  financial  assistance  through 
a  loan  or  through  federal  construction  of  the 
project;  and 

b.  State  financial  assistance  in  the 
form  of  a  grant  and  loan  by  the  Legislature 
under  provisions  of  the  Davis-Grunsky  Act 
(Section  12880  of  the  Water  Code). 

7.  That,  in  the  event  that  local  interests  are 
unsuccessful  in  securing  financial  assistance  in  the  Wilson  Val- 
ley Project  consideration  be  given  to  the  Alternative  Cache 
Creek-Sacramento  River  Diversion  Project. 
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APPENDIX        A 
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IN  THE  SUPERIOR  COURT  OF  THE  STATE  OF  CALIFORNIA, 
IN  AND  FOR  THE  COUNTY  OF  MENDOCINO 


M.M.  GOPCEVIC,  and  THE  HOTALING 

ESTATE  CO, ,   a  corporation,  and 

GEORGE  T.  RUDDICK,  )  DECREE 


Plaintiffs, 


vs 


] 


YOLO  WATER  AND  POWER  COMPANY, 

a  corporation,  and  YOLO  WATER  AND 

POWER  CORPORATION,  a  corporation. 

Defendants, 
COUNTY  OF  LAKE 
and  LISLE  STUBBS,  et  al , 

Intervenor 


Pursuant  to  the  stipulation  of  all  parties  herein 
reduced  to  writing  and  filed  in  open  court  on  the  7th  day  of 
October,  1920,  agreeing  and  consenting  that  the  following  Judg- 
ment and  decree  be  entered  in  the  above  entitled  action,  and 
upon  evidence  taken;  and  finding  being  waived  in  open  court  by- 
all  parties; 

IT  IS  HEREBY  ORDERED  ADJUDGED  AND  DECREED  AS  FOLLOWS: 
That  the  defendant  herein  be  perpetually  enjoined  and 
restrained  from  excavating  or  deepening  the  outlet  of  Clear  Lake, 
being  the  Clear  Lake  mentioned  in  the  pleadings  herein,  to  any 
depth  greater  than  four  feet  below  the  zero  mark  on  the  Rumsey 
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Gauge  at  Lakeport,  County  of  Lake,  State  of  California,  which 
said  gauge  is  hereinafter  more  particularly  referred  to;  and 
from  widening  straightening  or  otherwise  interfering  with  said 
outlet,  except  as  may  be  necessary  to  carry  out  the  provisions 
of  this  decree,  all  of  such  work  to  be  with  the  approval  first 
obtained  and  under  the  supervision  of  the  State  Railroad 
Commission  of  California,  or  the  members  thereof;  and  this 
injunction  shall  include  the  said  defendants,  their  and  either 
of  their,  officers,  agents,  servants,  employees  successors  and 
assigns,  and  each  and  all  officers  and  agents  of  either  of  them, 
and  all  persons  acting  under  or  in  aid  of  them  or  either  of 
them. 

That  the  agents,  servants,  employees,  successors  and 
assigns  of  the  said  defendants  and  the  said  defendants  and  each 
of  them,  and  all  persons  acting  under  or  in  aid  of  them  or 
either  of  them  be  perpetually  enjoined  and  restrained  from  at 
any  time,  or  in  any  way  raising  the  level  of  said  lake  in  excess 
of  7.56  feet  above  zero  on  said  Rumsey  Gauge,  and  from  at  any 
time  or  at  any  way  lowering  the  level  of  said  lake  below  zero 
on  said  Rumsey  Gauge;  provided,  however,  that  the  rise  of  said 
Clear  LaJce,  by  reason  of  storm  or  flood  conditions  beyond  the 
control  of  said  defendants,  or  either  of  them,  to  a  level  in 
excess  of  7.56  feet  above  zero  on  said  Rumsey  Gauge,  but  in  no 
event  to  a  level  in  excess  of  9.00  feet  above  zero  on  said 
Rumsey  Gauge,  for  any  period  not  exceeding  ten  successive  days, 
shall  not  be  deemed  a  violation  hereof; 
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The  zero  mark  on  said  Rumsey  Gauge  is  20.1  feet 
below  center  of  large  concrete  star  in  northeast  corner  of 
court  house  yard  at  said  Lakeport,  and  21 . 56  feet  below  iron 
step  at  front  entrance  to  Bank  of  Lake  Building  at  southeast 
corner  of  Main  Street  and  Second  Street,  in  said  Lakeport; 

That  said  defendants,  and  each  of  the,  their  officers, 
agents,  employees,  successors  and  assigns  and  all  persons  act- 
ing under  or  in  aid  of  them  or  either  of  them,  be  perpetually 
enjoined  and  restrained  from  drawing  off  from  said  Clear  Lake 
an  amount  of  water  which,  inclusive  of  evaporation  and  other 
losses,  will  at  any  time  reduce  the  level  of  said  lake  below 
zero  on  said  Rumsey  Gauge,  and  the  said  defendants,  and  each 
of  them,  their  officers,  agents,  employees,  successors  and 
assigns,  be  perpetually  enjoined  and  commanded  to  draw  off  from 
said  lake  an  amount  of  water  which,  inclusive  of  evaporation  and 
other  losses  will  reduce  the  level  of  the  lake  so  that  the  ele- 
vation thereof  on  the  following  dates  shall  not  exceed  the 
following  percentages  of  the  actual  level  on  Acril  15th  of 
each  year; 

May  1,  97^,  June  1,  89^,  July  1,  79%,    August  1,  69^ 
and  September  1,  58^. 

That  said  defendants  and  each  of  them,  their  officers, 
agents,  employees,  successors  and  assigns,  be  perpetually  enjoined 
and  restrained  from  drawing  off  from  said  lake,  during  the 
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Irrigation  season  an  amount  of  water  which,  inclusive  of  evapo- 
ration and  other  losses  shall  lower  the  level  of  said  lake  more 
than  two  feet  in  any  one  month; 

It  is  hereby  specially  adjudged  and  decreed  that  not- 
withstanding the  limits  of  depression  of  said  lake  waters  herein- 
above described  the  said  defendants,  and  each  of  them,  their 
agents,  employees,  successors  and  assigns,  shall  not  draw  off 
or  allow,  and  they  and  each  of  them  are  enjoined  and  restrained 
from  drawing  off  or  allowing  the  waters  of  said  lake  to  flow  out 
of  said  lake  at  any  time  at  such  a  rate  as  that,  taking  into 
account  evaporation  and  other  losses,  the  water  of  said  lake 
shall  at  the  lowest  level  of  any  year  be  below  zero  on  said 
Rumsey  Gauge; 

It  is  further  adjudged  and  decreed  that  the  said 
defendants,  or  either  of  them,  shall  at  or  about  the  specific 
dates  last  hereinabove  mentioned,  notify  in  writing,  through  the 
mails  or  otherwise,  the  parties  hereto  and  as  well  such  owners 
or  occupants  of  land  on  the  rim  of  said  lake  as  shall  register 
their  names  and  addresses  with  the  defendant,  Yolo  Water  and 
Power  Company,  at  Its  office  in  Woodland,  Yolo  County,  California, 
of  the  then  existing  and  respective  levels  of  the  said  lake. 

The  drawing  off  of  the  water  of  said  lake  under  the 
conditions  aforesaid,  shall  be  by  and  through  the  dam  and   gates 
mentioned  in  the  pleadings  herein,  and  the  administration  con- 
duct and  operation  of  said  dam  and  gates  shall  be  responsive  to 
and  in  full  and  fair  execution  of  such  conditions,  and  shall  at 
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all  times  be  by  and  under  the  State  Railroad  Commission  of 
California,  or  the  members  thereof; 

If  at  any  time  the  injunctive  provisions  of  this 
decree  shall  be  violated,  or  departed  from  in  matter  of  sub- 
stance and  all  the  provisions  of  this  decree  are  for  this  pur- 
pose taken  to  be  injunctive  then  and  in  such  events  the  said 
defendants  and  each  of  them  are  hereby  enjoined  and  commanded 
forthwith  thereupon,  in  the  manner  and  to  the  extent  herein- 
after provided,  or  in  default  thereof  it  shall  be  competent  to 
the  plaintiffs  or  any  or  either  of  them,  or  in  default  of  action 
in  the  promises  by  the  plaintiffs  or  any  or  either  of  them,  it 
shall  be  competent  to  the  interveners,  or  any  or  either  of  them, 
and  said  parties  are  accordingly  hereby  authorized,  at  the 
expense  of  defendants,  their  successors  and  assigns  to  restore 
and  maintain  at  the  "Grlgsby  Riffle"  mentioned  In  the  complaint 
herein,  but  above  the  present  mouth  of  "Seigler  Creek"  a  suit- 
able and  substantial  structure  or  barrier,  the  crest  of  which 
shall  not  exceed  one  foot  above  zero  on  said  Rumsey  Gauge  except 
as  hereinafter  provided; 

But  it  is  further  and  specifically  decreed  that  if 
at  any  time,  for  any  physical  reason,  or  otherwise,  said  dam 
should  cease  in  any  substantial  sense,  to  function  in  respect  to 
the  operation  of  the  same  as  hereinabove  referred  to,  then  and 
in  that  event  the  crest  of  the  aforesaid  structure  or  barrier 
may  be  Increased  and  maintained  to  an  elevation  of  two  feet  above 
zero  on  said  Rumsey  Gauge,  said  structure  and  barrier  shall  exist 
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and  be  maintained  at  all  times  when  a  dam  shall  cease  to  function 
as  provided  in  this  decree  for  the  operation  of  the  same;  pro- 
vided however  that  the  failure  of  the  defendants  or  either  of 
them  to  comply  substantially  with  the  terms  of  this  decree,  due 
to  temporary,  unavoidable  causes  shall  not  be  deemed  a  violation 
of  this  decree; 

It  is  further  adjudged  that  this  decree  does  not 
adjudicate  upon  the  extent  of  the  several  riparian  or  littoral 
rights  of  any  of  the  parties  hereto  in  the  said  Clear  Lake  or 
the  land  adjacent  thereto  nor  upon  any  rights  or  claims  of  any 
of  said  parties  to  water  rights  therein,  nor  in  or  over  such 
adjacent  lands,  and  that  the  injunctive  relief  hereby  granted 
and  provided  for  is  not  based  upon  a  waiver  by  any  of  said  parties 
of  any  such  substantive  rights  of  claims  aforementioned  but  is 
subject  to  full  reservations  on  the  part  of  all  and  each  of  said 
parties  of  all  said  substantive  rights  or  claims  aforesaid; 

It  is  further  ordered  adjudged  and  decreed  that  the 
said  dam  and  the  operation  thereof  shall  at  all  times  be  subject 
to  reasonable  access  and  inspection  by  the  parties  hereto  as 
well  as  any  person  owning  land  riparian  or  littoral  to  said 
Clear  Lake  and  their  duly  authorized  agents  or  attorneys;  but 
if  any  question  should  arise  in  respect  to  the  right  of  any  such 
person  or  persons  to  such  access  and  inspection,  the  same  shall 
be  remitted  to  the  State  Railroad  Commission  of  California,  or 
the  members  thereof  for  final  determination. 


A-7 


That  all  claims  for  damages  involved  In  this  action 
or  on  account  of  the  issuance  of  the  temporary  restraining 
order  or  preliminary  injunction  herein  are  waived  and  adjudged 
to  be  fully  settled; 

That  each  party  to  this  action  shall  pay  his  own 
costs. 

The  signing  and  filing  of  this  decree  shall  be  deemed 
to  be  noticed  of  the  terms  thereof  and  effective  as  service  of 
any  injunctive  process  consequent  thereon. 

Done  in  open  Court  the  7th  day  of  October,  1920. 

A.  B.  McKENZIE 
Judge . 

CERTIFIED:   October  7th,  1920,  by  the  Clerk  of  said  Court  to 

be  a  full,  true  and  correct  copy  of  the  original 

on  file  and  of  record  in  his  office. 

ENDORSED:    Filed  October  7,  1920,  HALE  PRATHER ,  Clerk 

by  W.  H.  PRATHER,  Deputy 

RECORDED:    October  8th,  1920,  in  vol.  60  of  Deeds,  at  page  49. 

Records  of  Lake  County,  California. 

c.c.  McDonald, 

Attorney  for  Plaintiffs, 
Woodland,  California. 
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9.  9.  L  1 

IN  THE  SUPERIOR  COURT  OF  THE  STATE  OF  CALIFORNIA, 
IN  AND  FOR  THE  COUNTY  OF  YOLO 


MARY  E.  BEMMERLY  and  AGNES  H.  BEMMERLY, 

Plaintiffs, 

vs. 

THE  COUNTY  OF  LAKE,  a  Political  Subdivision 

of  the  State  of  California,  E.  L.  HERRICK, 

W.  E.  REICHERT,  L.  D.  KIRKPATRICK,  L.  L.  BURGER 

and  J.  S.  KELSAY,  as  and  comprising  the  Board 

of  Supervisors  of  the  County  of  Lake,  State  of 

California,  THE  BOARD  OP  SUPERVISORS  OF  THE  COUNTY 

OF  LAKE,  STATE  OF  CALIFORNIA,  E.  L.  HERRICK, 

Individually  and  as  a  member  of  the  Board  of 

Supervisors  of  the  County  of  Lake,  State  of 

California,  FRANK  W.  NOEL,  individually, 

W.  E.  REICHERT,  as  a  member  of  the  Board  of 

Supervisors  of  the  County  of  Lake,  State  of 

California,  W.  T.  SMITH,  individually, 

L.  D.  KIRKPATRICK,  as  a  member  of  the  Board 

of  Supervisors  of  the  County  of  Lake,  State 

of  California,  L.  L.  BURGER,  individually 

and  as  a  member  of  the  Board  of  Supervisors 

of  the  County  of  Lake,  State  of  California, 

J.  S.  KELSAY,  individually  and  as  a  member 

of  the  Board  of  Supervisors  of  the  County  of 

Lake,  State  of  California,  FRANK  B.  JOHNSON, 

individually  and  as  a  County  Surveyor  of 

the  County  of  Lake,  State  of  California, 

FRANK  W.  CLARK  as  Director  of  the  Department 

of  Public  Works  of  the  State  of  California, 

CLEAR  LAKE  WATER  COMPANY,  A  CORPORATION, 

J.  R.  REEVES,  JOHN  DOE  DREDGING  COMPANY, 

RICHARD  DOE  DREDGING  COMPANY,  FIRST  DOE, 

SECOND  ROE  AND  THIRD  ROE, 

Defendants. 


) 


No.  8812 
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JUDGMENT 

This  cause  having  been  regularly  called  and  tried  by 
the  Court,  and  the  findings  of  fact  and  conclusions  of  law,  and 
the  decision  thereon  in  writing,  having  been  rendered,  wherein 
Judgment  was  ordered  in  favor  of  the  plaintiffs  and  against  the 
defendants  hereinafter  named  as  prayed  for  in  the  complaint  and 
for  costs, 

IT  IS,  BY  THE  COURT,  ORDERED,  ADJUDGED  AND  DECREED 
that  the  defendants.  The  County  of  Lake,  a  Political  Subdivision 
of  the  State  of  California,  E.  L.  Herrick,  W.  E.  Reichert, 
L.  D.  Kirkpatrick,  L.  L.  Burger  and  J.  S.  Kelsay,  as  and  com- 
prising the  Board  of  Supervisors  of  the  County  of  Lake,  State 
of  California,  the  Board  of  Supervisors  of  the  County  of  Lake, 
State  of  California,  E.  L.  Herrick,  individually  and  as  a  member 
of  the  Board  of  Supervisors  of  the  County  of  Lake,  State  of 
California,  Frank  W,  Noel,  Individually,  W.  E.  Reichert  as  a 
member  of  the  Board  of  Supervisors  of  the  County  of  Lake,  State 
of  California,  W.  T.  Smith,  individually,  L.  D.  Kirkpatrick  as 
a  member  of  the  Board  of  Supervisors  of  the  County  of  Lake,  State 
of  California,  L.  L.  Burger,  Individually  and  as  a  member  of 
the  Board  of  Supervisors  of  the  County  of  Lake,  State  of 
California,  J.  S.  Kelsay,  individually  and  as  a  member  of  the 
Board  of  Supervisors  of  the  County  of  Lake,  State  of  California, 
Frank  B.  Johnson,  individually  and  as  County  Surveyor  of  the 
County  of  Lake,  State  of  California,  Frank  W.  Clark,  as  Director 
of  the  Department  of  Public  Works  of  the  State  of  California, 
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and  Clear  Lake  Water  Company,  a  corporation,  emd  each  and  all 
of  them,  and  their,  and  each  of  their  attorneys,  agents,  servants 
and  employees  and  any  and  all  persons  acting  under  said  defendants, 
or  any  of  them,  be,  and  they  and  each  and  all  of  them  are  here- 
by forever  enjoined  and  restrained  from  In  any  manner  widening, 
deepening,  or  enlarging  the  arm  or  slough  which  constitutes  the 
outlet  of  the  waters  of  and  from  Clear  Lake  Into  Cache  Creek  and 
from  In  any  manner  changing  the  said  outlet  so  as  to  Increase 
the  flow  of  waters  of  and  from  Clear  Lake  Into  Cache  Creek.   The 
Clear  Lake  herein  referred  to  Is  the  Clear  Lake  described  In 
the  plaintiffs'  complaint  and  which  Is  located  in  the  County  of 
Lake,  State  of  California. 

IT  IS  FURTHER  ORDERED,  ADJUDGED  AND  DECREED  that 
plaintiffs  have  Judgment  for  their  costs  taxed  at 
Dollars  ($  ) 

Judgment  rendered  December  l8,  19^0. 

Dal  M.  Lemmon 

Judge  of  the  Superior  Court. 
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AGREEMENT  FOR  SETTLEMENT 
OF  WATER  RIGHTS  DISPUTE 


THIS  AGREEMENT,  made  this  17th  day  of  May,  I96O 
between  Lake  County  and  the  Lake  County  Flood  Control  and 
Water  Conservation  District,  on  the  one  hand,  hereinafter 
collectively  called  "Lake  County",  and  Yolo  County  and  the 
Yolo  County  Flood  Control  and  Water  Conservation  District,  on 
the  other  hand,  hereinafter  collectively  called  "Yolo  County". 

WITNESSETH: 

WHEREAS,  Yolo  County  has  filed  Applications  No.  15975, 
15976  and  15977  with  the  State  Water  Rights  Board  for  the  appro- 
priation of  unappropriated  water  of  the  Cache  Creek  watershed; 
and 

WHEREAS,  Lake  County  plans  to  construct  certain  reser- 
voirs in  the  same  watershed,  and  has  protested  the  applications 
of  Yolo  County;  and 

WHEREAS,  in  executing  this  agreement.  Lake  County  under- 
stands that,  as  against  the  developments  under  said  applications 
of  Yolo  County,  Lake  County  will  be  limited  in  developing  the 
Cache  Creek  watershed  to  the  maximum  amounts  of  storage  specified 
in  paragraphs  (a),  (b),  and  (c)  of  Article  2  below,  and  is  will- 
ing to  accept  this  limitation  in  order  to  accomplish  full  develop- 
ment of  the  watershed,  with  the  widest  benefits  possible;  and 

WHEREAS,  Yolo  County,  in  turn,  is  informed  that  storage 
of  water  for  use  in  Lake  County,  as  specified  in  paragraphs  (a), 
(b),  and  (c)  of  Article  2  below,  will  reduce  the  yield  of  Projects 
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constructed  under  said  Applications  Nos.  15975,  15976,  and  15977 
and  is  willing  to  accept  this  reduction  in  yield  In  order  to 
accomplish  full  development  of  the  watershed,  with  the  widest 
benefits  possible, 

WHEREFORE,  in  accordance  with  the  foregoing.  Lake 
County  and  Yolo  County  hereby  agree  as  follows: 

1.  Lake  County  agrees  and  consents  to  the  approval 

of  and  issuance  of  a  permit  or  permits  by  the  State  Water  Rights 
Board  under  Applications  15975,  15976  and  15977  held  by  Yolo 
County,  provided  that  such  permit  or  permits  be  issued  subject 
to  depletions  of  stream  flow  by  future  appropriations  of  water 
for  use  in  Lake  County  as  set  forth  below  in  Article  2.   Lake 
County  will  Join  Yolo  County  in  requesting  the  State  Water 
Rights  Board  to  issue  such  permit  or  permits  subject  to  such 
depletions,  and  Lake  County  will  dismiss  its  protests  to 
Applications  Nos,  15975,  15976  and  15977. 

2.  Yolo  County  agrees  that  it  will  not  protest  any 
applications  to  appropriate  unappropriated  water  in  the  amounts 
stated  in  paragraphs  (a),  (b),  and  (c)  of  this  Article,  which 
applications  may  be  filed  after  the  execution  of  this  agreement 
by  any  applicant  for  use  in  Lake  County  within  the  Cache  Creek 
watershed,  provided  that  such  applications  shall  have  been  first 
approved  by  the  Board  of  Supervisors  of  Lake  County  or  its  designee, 
and  that  it  will  withdraw  its  protest  to  Application  No.  15667 

for  storage  of  the  waters  of  Highland  Creek,   Lake  and  Yolo 
Counties  agree  that  any  such  applications  shall  be  deemed  to  have 
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equal  priority  in  right  with  Application  No.  15975,  15976  and 
15977,  so  that  in  years  of  shortage  the  water  supply  available 
under  all  such  applications  for  use  in  Lake  and  Yolo  Counties 
shall  be  prorated  among  the  applicants  thereof  on  the  basis  of 
the  maximum  amount  of  water  allowed  to  be  stored  annually  under 
the  permit  (or  license,  if  license  has  been  issued)  granted  under 
each  of  such  applications,  provided  that  in  any  such  year  the 
applicants  having  permits  or  licenses  for  use  in  Lake  County 
shall  together  be  entitled  to  not  less  than  forty  percent  of 
the  water  supply  available  under  all  such  applications  for  use 
in  Lake  and  Yolo  Counties  of  waters  of  Cache  Creek  upstream  from 
the  Clear  Lake  Dam,  including  Clear  Lake  and  its  tributaries, 
provided  further  that  the  entitlements  under  said  proration  shall 
always  be  subject  to  the  requisite  of  beneficial  use  and  to  the 
availability  of  water  for  appropriation  under  the  specific  appli- 
cation involved.   The  applications  for  use  in  Lake  County  may 
be  filed  for: 

(a)  Storage  of  up  to  a  total  of  75,000  acre -feet  of 
water  annually  in  the  proposed  Kelseyville  Reservoir,  Lakeport 
Reservoir,  and  Pitney  Ridge  Reservoir,  which  proposed  reservoirs 
are  more  particularly  described  in  the  Department  of  Water 
Resources'  Bulletin  l4,  entitled  "Lake  County  Investigation," 
dated  July  1957,  or  in  equivalent  sites  in  Big  Valley,  Scott 
Valley  or  Upper  Lake  areas,  provided  that  said  total  of  75,000 
acre-feet  shall  be  reduced  by  the  maximum  amount  of  water  allowed 
to  be  stored  annually  pursuant  to  any  rights  which  may  be  per- 
fected under  Application  No.  12389  for  the  storage  of  the  waters 
of  Kelsey  Creek; 
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(b)  Storage  of  up  to  a  total  of  10,000  acre-feet  of 
water  annually  in  the  proposed  Excelsior  Reservoir,  Seigler 
Creek,  Burns  Valley  or  in  an  equivalent  site  or  sites  suitable 
to  the  need  of  Lake  County  in  this  area; 

(c)  Storage  of  up  to  a  total  of  5,000  acre-feet  of 
water  annually  in  small  reservoirs  for  use  in  Lake  County,  other 
than  those  described  in  (a)  and  (b)  above. 

3.  This  agreement  shall  become  effective  upon  its 
execution  by  the  Boards  of  Supervisors  of  Lake  and  Yolo  Counties 
and  issuance  of  permits  by  the  State  Water  Rights  Board  under 
Application  15975  subject  to  conditions  substantially  in  con- 
formity with  this  agreement.   It  will  be  terminated  if 
Application  No.  15975  is  rejected  or  cancelled  by  the  State 
Water  Rights  Board. 

4.  This  agreement  does  not  affect  the  priority  of 
Application  No.  I2389  for  the  storage  of  the  waters  of  Kelsey 
Creek  or  of  Application  No.  II389  for  the  storage  of  the  waters 
of  the  North  Fork  of  Cache  Creek  as  those  priorities  would  exist 
in  the  absence  of  this  agreement. 

5.  The  successors  and  assigns  of  the  parties  shall 
be  bound  by  the  obligations  of  this  agreement  and  shall  be 
entitled  to  receive  its  benefits. 
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COUNTY  OF  YOLO 


I 


ATTEST:  Charles  S.  Payton 


Clerk  of  the  Board  of 
Supervisors 

By  /s/  Pete  E,  Lucas 
Deputy 


By  /s/  L.  D.  Drew 


Chairman  of  the  Board  of 
Supervisors 


YOLO  COUNTY  FLOOD  CONTROL  AND 
WATER  CONSERVATION  DISTRICT 


By/s/  J.  Bernell  Harlan 
Chairman  of  the  Board  of 
Directors 


COUNTY  OF  LAKE 


ATTEST;  Charlton  R.  Phillips 
Clerk  of  the  Board  of 
Supervisors 

By  /s/  Teresa  G.  Rifesl 

Deputy  County  Clerk 


By/s/  Earle  W.  Wrieden 
Chairman  of  the  Board  of 
Supervisors 


LAKE  COUNTY  FLOOD  CONTROL 
AND  WATER  CONSERVATION 
DISTRICT 


By/s/  Earle  W.  Wrieden 

Chairman,  Board  of  Directors 
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STANLEY  MOSK,  Attorney  General 

of  the  State  of  California 
JAMES  M.  SANDERSON,  Deputy  Attorney  General 
LLOYD  HINKELMAN,  Deputy  Attorney  General 
Library  and  Courts  Building 
Sacramento  1^,  California 
Telephone:   Hickory  5-^711,  Extension  3969 

Attorneys  for  Protestant,  CALIFORNIA 
DEPARTMENT  OF  FISH  AND  GAME. 


BEFORE  THE  STATE  WATER 
RIGHTS  BOARD  OF  THE  STATE  OF 
CALIFORNIA 


In  the  Matter  of  Applications  )   SOURCE:   CACHE  AND  NORTH  FORK 

Nos.  11389,  15975,  15976  and   )  CACHE  CREEKS 

15977,  )   COUNTIES:   LAKE,  COLUSA  AND  YOLO 

COUNTY  OF  YOLO,  Applicant,     j   STIPULATION  AND  AGREEMENT 

CALIFORNIA  DEPARTMENT  OF  FISH  ) 
AND  GAME,  et  al . ,  Protestants.) 

IT  IS  HEREBY  STIPULATED  AND  AGREED  by  and  between  the 
Applicant,  COUNTY  OF  YOLO,  its  successors  and  assigns,  and  the 
Protestant,  the  STATE  OF  CALIFORNIA,  ACTING  BY  AND  THROUGH  ITS 
DEPARTMENT  OF  FISH  AND  GAME,  as  follows: 

WHEREAS,  the  State  Water  Rights  Board  has  before  it 
Water  Rights  Applications  Nos.  II389,  15975,  15976,  and  15977 
of  the  COUNTY  OP  YOLO;  and 

WHEREAS,  the  parties  have  negotiated  a  settlement  of 
the  protest  of  said  Protestant  CALIFORNIA  DEPARTMENT  OF  FISH 
AND  GAME  against  said  applications; 
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NOW,  THEREFORE,  the  parties  hereby  agree  to  request 
the  State  Water  Rights  Board  by  this  Stipulation  and  Agreement, 
to  insert  terms  and  conditions  in  any  and  all  permits  issued 
pursuant  to  said  applications,  and  said  Applicant  agrees,  (l) 
that  upon  the  completion  of  the  proposed  Wilson  Valley  Dam  the 
Applicant  will  provide  for  releases  of  water  into  the  streambed 
of  Cache  Creek  between  Wilson  Valley  Dam  and  Capay  Dam,  for 
the  protection,  propagation,  and  preservation  of  fish  and  wild- 
life involved,  as  follows: 

In  such  quantities  as  to  provide  at 
all  times  at  least  a  minimum  of  ten 
(lO)  cubic  feet  per  second  at  all 
points  between  Wilson  Valley  Dam  and 
Capay  Dam;  said  quantity  of  water  shall 
be  maintained  irrespective  of  any  exist- 
ing diversions  upstream  from  Capay  Dam. 
and,  (2)  that  if  the  proposed  Indian  Valley  Dam  is  constructed 
and  the  proposed  Wilson  Valley  Dam  is  not  constructed,  upon 
completion  of  construction  of  said  Indian  Valley  Dam,  the 
Applicant  will  provide  for  releases  of  water  into  the  stream- 
bed  of  the  North  Fork  of  Cache  Creek  at  Indian  Valley  Dam  for 
the  protection,  propagation,  and  preservation  of  fish  and  wild- 
life involved,  as  follows: 

In  such  quantities  as  to  amount  at 
all  times  to  ten  (lO)  cubic  feet  per 
second  or  the  natural  flow  at  the 
Indian  Valley  Dam  site,  whichever  is 
the  lesser. 
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IT  IS  FURTHER  AGREED  that  if  the  proposed  terms  and 
conditions  are  included  in  such  permits  substantially  as  afore- 
said, the  protest  of  the  CALIFORNIA  DEPARTMENT  OF  FISH  AND  GAME 
to  said  applications  nos.  11389,  15975,  15976  and  15977,  may  be 
considered  withdrawn  and  may  be  dismissed. 


COUNTY  OF  YOLO,  Applicant      CALIFORNIA  DEPARTMENT  OF 

FISH  AND  GAME, 
Protestant 

By_ 


ATTEST:  CHARLES  S,  PAYNTON,        By_ 


Clerk  of  the  Board  DIRECTOR 

By  : ^Depu  ty , 

APPROVED  AS  TO  FORM; 

STANLEY  MOSK,  Attorney  General 
J.M.SANDERSON,  Deputy  Attorney  General 
LLOYD  HINKELMAN,  Deputy  Attorney  General 


By. 


LLOYD  HINKELMAN 
Attorneys  for  Protestant,  CALIFORNIA 
DEPARTMENT  OF  FISH  AND  GAME. 


APPROVED  TO  FORM: 

ANTHONY  B.  AVILIA,  DISTRICT  ATTORNEY 
OF  YOLO  COUNTY 


By. 


Deputy  District  Attorney 
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ESTIMATED  COST  OF  "WILSON  VALLEY  nAi4  AND  iihSERVOIR 
WITH  1,000,000  ACRE-FOOT  STORAGE  CAPACITY 

(Based  on  prices  prevailing  in  June,  i960) 


Elevation  of  crest  of  dam: 
l,2Uli  feet,  USGS  datum 

Elevation  of  crest  of  spillway: 
1,228  feet 

Height  of  spillway  crest, 
above  stream  bed:   36I  feet 


Capacity  of  reservoir  to  crest  of 
spillway:  1,000,000  acre-feet 

Capacity  of  spillway  with  6-foot 
freeboard:  It5,000  second-feet 


• 

:   Unit 

• 

Item 

:   Unit 

!  Quantity 

:   price 

:     Cost 

Access  road,  Highway  20  to 

dam  site 

lump  Slim 

$    300,000 

Dam 

Diversion  and  care  of  stream 

lump  sum 

600,000 

Stripping  and  preparation  of 

foundation 

cu  yd 

886,050 

$    1.75 

1,550,600 

Grouting 

Drilling 

lin  ft 

11,U00 

5.00 

57,000 

Pressure  grout 

cu  ft 

17,100 

U.oo 

68,UOO 

Embankment 

Pervious  (new  excavation) 

cu  yd 

5,193,000 

1.27 

6,595,000 

Pervious  (salvage) 

cu  yd 

l,U68,hOO 

0.20 

293,700 

Impervious 

cu  yd 

1,93U,710 

0.80 

1,5U7,800 

Riprap 

cu  yd 

U,220 

6.U0 

27,000 

Subtotal 

$10,739,500 

Spillway 

Excavation 

cu  yd 

1,378,000 

$    1.85 

$  2,51i9,300 

Concrete 

Weir  and  lining 

cu  yd 

5,6U7 

50.00 

28^,UOO 

Retaining  walls 

cu  yd 

1,322 

80.00 

105,800 

Structural 

cu  yd 

910 

90.00 

81,900 

Reinforcing  steel 

lb 

1,126,100 

0.17 

191, Uoo 

Drains 

lin  ft 

6,500 

5.00 

32,500 

Grouting 

lump  sum 

10,600 

Radial  gate,  UO"  x  30" 

ea 

1 

U9,500 

Radial  gate  hoist 

ea 

1 

21,300 

Subtotal 

$  3,32U,700 

Outlet  Works 

Tunnel 

lin  ft 

1,679 

1  1,260.00 

$  2,115,500 

Excavation 

Inlet  portal 

cu  yd 

80,700 

1.75 

1U1,200 

Outlet  portal  and  stilling 

basin 

cu  yd 

55,000 

1.75 

96,200 

Concrete 

Inlet  structure 

Lining 

cu  yd 

180 

80.00 

ili,Uoo 

Structural 

cu  yd 

120 

90.00 

10,800 

Outlet  structure 

Foundation 

cu  yd 

33 

50.00 

1,700 

Structural 

cu  yd 

120 

90.00 

10,800 
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esumated  cost  of  wilson  valley  dam  and  reservoir 


WITH  1,000,000  acre-foot  STORAGE 

CAPACITY  ( 

continued) 

•  • 

•  • 

:  Unit 

« 

Item 

:  Unit     : 

Quantity 

:  price 

:    Cost 

Outlet  Works  (continued) 

Concrete  (continued) 

Stilling  basin 

Lining 

cu  yd 

360 

$    50.00 

$   16,000 

Retaining  walls 

cu  yd 

18U 

80.00 

lii,700 

Structural 

cu  yd 

61 

90.00 

5,500 

Gate  chamber  plug 

S  emis  true  t\iral 

cu  yd 

830 

80.00 

66,U00 

Reinforcing  steel 

lb 

187,200 

0.17 

31,800 

Steel  pipe 

2  each,  72"  diameter,  7/l6" 

plate,  1,280'  long 

lb 

915,000 

0.30 

27U,500 

Pipe  supports 

lump  sum 

32,900 

Miscellaneous  metal 

(trashrack,  stop  logs,  etc.) 

lb 

500,000 

0.30 

150,000 

High-pressure  gate 

valves,  Ul'  X  Us' 

ea 

2 

61,600.00 

123,200 

Howell-Bunger  valves. 

66"  diameter 

ea 

2 

72,000.00 

iUU,ooo 

Riprap 

cu  yd 

350 

6.I1O 

2,200 

Air  vent,  12"  diameter 

lin  ft 

U2U 

50.00 

21,200 

Subtotal 

$3,275,000 

Reservoir 

Land  and  improvements 

lump  Sim 

$  930,000 

Clearing 

ac 

9,000 

$   100.00 

900,000 

State  highway  relocation" 

lump  sum 

6,737,000 

Subtotal 

$  8,567,000 

TOTAL  ALL  ITMS 

$26,206,000 

Engineering  and  administration 

■«, 

2,969,000 

Contingencies 

3,390,000 

Interest  during  construction. 

h  percent  for  1/2  of  3-year  period 

1,950,000 

TOTAL  CAPITAL  COST 

$31,515,000 

ANNUAL  COST  (h  percent  for  50  years) 

Interest,  k  percent 
Repayment,   0.655  percent 
Replacement,  0.07  percent 
General  expense,   0.32  percent 
Operation  and  maintenance 

TOTAL  ANNUAL  COST 


$  1,380,600 
226,100 

2li,200 
110, Uoo 

78,000 

$  1,819,300 


■!s-Includes  $1,735,000  for  improvement  to  expressway  standards, 
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ESTIMATED  COST  OF  BROOKS  DAM  AND  RESERVOIR 

(Based  on  prices  prevailing  In  spring,  I96O) 

Type  of  dam:   concrete  overpour  Storage  capacity  of  reser- 

Elevation  of  crest  of  dam:   290  feet  voir  to  spillway  crest: 

USGS  datum  6,200  acre-feet 

Elevation  of   crest   of   spillway:  Discharge   capacity  of 

280  feet  splllv.'ay  with  no   free- 
Height   of   spillway   crest,    above  board:      ^7,300  second- 
stream  bed:    40  feet  feet 


•  • 

•  • 

• 
• 

Unit         : 

Item 

:      Unit      : 

Quantity : 

price      : 

Cost 

CAPITAL  COST 

Dam  and   Spillway 

Diversion  and   care   of 

stream 

lump   sum 

$ 

20,000 

Stripping 

Abutments 

cu  yd 

3,820 

$ 

.30 

1,200 

Channel 

cu   yd 

4,920 

1.00 

4,900 

Foundation  preparation 

sq  yd 

1,890 

4.00 

7,600 

Apron  excavation 

cu  yd 

22,700 

1.00 

22,700 

Mass   concrete 

cu  yd 

21,200 

35.00 

742,000 

Stxxictural    concrete 

cu  yd 

6,676 

50.00 

333,800 

Steel   reinforcing 

lb 

671,400 

.15 

100,700 

Grouting 

Drilling 

lln   ft 

1,850 

5.00 

9,200 

Pressure  grout 

cu   ft 

925 

4.00 

— 

3,700 

Subtotal 

$1 

,245,800 

Outlet  Works 

Slide   gates  and  hoists 

ea 

4 

$2,000.00 

$ 

8,000 

Installation 

lump   sum 

1,200 

Steel   conduit 

lb 

5,150 

.25 

1,300 

Miscellaneous  metal   work 

lump   sum 

5,000 

Subtotal  $        15,000 

Reservoir 

Hill  lands                ac  260  $   6O.OO  $   15,600 

Valley  lands              ac  750    200.00    150,000 

Subtotal  $   165,600 

TOTAL  ALL  ITEMS  $1,426,400 

Administration  and  engineering,  10  percent               l42,600 

Contingencies,  15  percent  213,900 

Interest  during  construction  35,700 

TOTAL  CAPITAL  COST  $l,8l8,600 
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ESTIMATED  COST  OF  BROOKS  DAM  AND  RESERVOIR 

(Based  on  prices  prevailing  in  spring,  I960) 

-        -        -  ^^^^         I 
Item ;   Unit   :Quantity:   price   :    Cost 

ANNUAL  COST 

Interest,  4.0  percent  $  72,700 
Repayment,  0,653  percent  11,800 
Replacement,  0.07  percent  1,300 
General  expense,  0.32  per- 
cent 5,800 
Operation  and  maintenance  6,000 

TOTAL  ANNUAL  COST  $    97,600 


ESTIMATED   COST  OF    CLEAR   LAKE 
OUTLET  CHANNEL   ENLARGEMENT 


Discharge   capacity  of 
channel  at   lake 
elevation  7.56: 
8,500   second-feet 


Length  of  channel:   ^.9  miles 


Item 


:        :   Unit 
Unit   :Q.uantit.v:   price 


Cost 


CAPITAL  COST 


Excavation 


Sta.  0+00  to  Sta.  92+00 

cu 

yd 

412,000 

$  0 

.40 

$ 

164,800 

Sta.  92+00  to  Sta.  11^+00 

cu 

yd 

106,000 

3 

,00 

318,000 

Sta.  115+00  to 

Sta.  130+00 

cu 

yd 

74,000 

1 

.00 

74,000 

Sta.  130+00  to  Sta. 

150+00 

cu 

yd 

60,000 

0 

.80 

48,000 

Sta.  150+00  to 

Sta.  244+50 

cu 

yd 

167,000 

0 

.40 

66,800 

Sta.  244+50  to 

Sta.  260+00 

cu 

yd 

0 

$ 

0 

671,600 

Retaining  walls,  concrete 

lump  sum 

$ 

60,000 

Highway  53  bridge 

footings 

lump  sum 

50,000 

Right  of  way  and  reloca- 

tion of  utilities 

lump  sum 

200,000 

Subtotal 

$ 

981,600 

Engineering  and  Adminis- 

tration 

98,200 

Contingencies 

147,300 

Interest  during 

construction 

23,000 

TOTAL  CAPITAL  COST 

1 

,250,100 

ANNUAL  COST  (4  percent  for  50  years) 

Interest,  4  percent 
Repayment,  0.655  percent 
Replacement,  0,07  percent 
General  expense,  0.32  per- 
cent 
Operation  and  maintenance 

TOTAL  ANNUAL  COST 


$    50,000 

8,200 

900 

4,000 

5,000 

$   68,100 
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ESTIMATED  COST  OF  CACHE  CREEK-SACRAMENTO 
RIVER  DIVERSION  PROJECT 

(Based  on  prices  prevailing  in  196O) 

Indian  Valley  Dam  and  Reservoir 

Elevation  of  crest  of  Capacity  of  reservoir  to  crest 

dam:   1,470  feet,  of  spillway:   200,000  acre- 

USGS  datum  feet 

Elevation  of  crest  spillway:  Capacity  of  spillway  with  3- 

1,437  feet  foot  freeboard:   20,000 

Height  of  spillway  crest  second-feet 

above  stream  bed: 

167  feet 

Item : Cost 

CAPITAL  COST 

Earthfill  embankment  $1,330,000 

Spillway  1,020,000 

Outlet  works  l80,000 

Reservoir  land  acquisitions  400,000 
Relocation  of  roads  and 

utilities  144,000 

Subtotal  $3,074,000 

Engineering  and  administration  $   307^000 

Contingencies  461,000 

Interest  during  construction  1^4,000 


TOTAL  CAPITAL  COST 


ANNUAL  COST 


$3,976,000 


Interest,  4,0  percent  $  159,000 

Repayment,  0,655  percent  26,000 

Replacement,  0,07  percent  2,800 

General  expense,  0.32  percent  12,700 

Operation  and  maintenance  18,500 

TOTAL  ANNUAL  COST  $   219,000 
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ESTIMATED  COST  OF  CACHE  CREEK- SACRAMENTO  RIVER 

DIVERSION  PROJECT 

Sacramento  River  Diversion 

Average  seasonal 

diversion: 

100,000  acre-feet 
Design  discharge  capacity: 

400  second-feet 


Item I Cost 

CAPITAL  COST 

Concrete  lined  canals  $3,365,000 

Hydraulic  structures  481,000 

Bridges  ,                846,000 

Pumping  plants  1,720,000 

Rights  of  way  345,000 

Total  $6,957,000 


ANNUAL  COST 

Interest,  4.0  percent  $  278,300 

Repayment,  Oo655  percent  45,600 

Replacement  (varies)  51,300 

General  expense,  0.32  percent  22,300 

Operation  and  maintenance  99,500 

Electric  energy  l66,400 

Total  $  663,400 
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